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"Cyclobutyl antisense oligonucleotides, methods of making and use thereof™.

FIELD OF THE INVENTION
This application is directed to oligonucleotide

surrogate compounds and their intermediates and to their

(4]

design, synthesis and use. More particularly this-
invention is directed to oligonucleotide surrogate
compounds that include linked cyclobutyl rings having
heterocyclic bases attached thereto. Such oligonucleo-
tide surrogates are useful for therapeutics, diagnostics

10 and as research reagents.

BACRKGROUND OF THE INVENTION
I+ is well known that most of the bodily states in
mammals including most disease states, are effected by
proteins. Such proteins, either acting directly or
15 through their enzymatic functions, contribute in major

- proportion to many diseases in animals and man. Classical

v

therapeutics has generally focused upon interactiens with
such proteins in an effort to moderate their disease
causing or disease potentiating functions. Recently,
20 however, attempts have been made to moderate the actual
production of such proteins by interactions with messenger .
RNA (mRNA) or other intracellular RNA’s that direct
protein synthesis. It is the generally object of such

therapeutic approaches to interfere with or otherwise
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modﬁiate gene expression leading to undesired protein
formation.

Antisense methodology is the compliementzry hybrid-
ization of relatively short oligonucleotides to single-
stranded RNA or single-stranded DNA such that the normal,
essential functions of these intracellular nucleic acids
are disrupted. Hybridization is the seguence specific
hydrogen bonding via Watson-Crick base pairs of the
heterocyclic. bases of oligonucleotides to RNA or DNA.
Such base pairs are said to be complementary to one
another.

Naturally-occurring events that provide for the
disruption of the nucleic acid function, as discussed by
Cohen in Oligonucleotides: Antisense Inhibitors of Gene
Expression, CRC Press, Inc., Boca Raton, Fl (1989), are
thought to be of two types. The first is hybridization
arrest. This denotes the terninating event in which an
oligonucleotide inhibitor binds to the target nucleic acid
and thus prevents, by simple steric hindrance, the binding
of essential proteins, most often ribosomes, to the
nucleic acid. Methyl phosphonate oligonucleotides:
Miller, P.S. and Ts’O, P.O.P. (1987) Anti-Cancer Drug
Design, 2:117-1z8, and a-anomer oligonucleotides are the
two most extensively studied antisense agents that are
thought to disrupt nucleic acid function by hybridization
arrest. '

In determining the extent of hybridization arrest of
an oligonucleotide, the relative aktility of an oligonuc-
leotide to bind to complementary nucleic acids may be
compared by determining the melting temperature of a
particular hybridization complex. The melting temper-
ature (T_), a characteristic physiczl property of double
helixes, denotes the temperature in decrees centigrade at
which 50% helical versus coil (unhybridized) forms are
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present. T, is measured by using the UV spectrun to
determine the formetion and breakdown (melting)
hybridization. Base stacking which occurs during hybri
ization, is accompanied by a reducticn in UV arsc

5 (hypochromicity). Conseguently a reduction in UV absor
tion indicates a higher T,- The higher the Tg+ tha
greater the strength cf the binding of the strancds. Non-
Watson-Crick base pairing has a strong destabilizi

effect on the Ta-

10 The second type cf terminating event for antisense

t
'_l
J
Te}

oligonucleotides involves the enzymatic cleavace of the

targeted RNA by intracellular RNase H. A 2/-deoxvribo-

furanosyl oligorucleotide hybridizes with the targets2 RNA

and this duplex activates the RNase H enzyme to cleave the

15 RNA strand, thus destroving the normal function of the

RNA. Phosphorothicate oligonucleotides are the most

prominent example of an antisense agent that operates by
this type of antisense terminating event.

Considerable research is being directed %o the

20 application of oligonucleotides as antisense agents for

diagnostics, research reagents and potential therapeutic

purposes. This research has included the synthesis of

oligonucleotides having variocus modification. Such

modification have primarily been modificaticns of the

25 phosphate links that connect the individual nucleosides

of the oligcnucleotide. Various phcsphoroﬁhioates,

vi.’l"',g

phosphotriesters, phosphoramidates a2nd alkyl phosphonates
have been reported. Further research hizs been directed
to replacement of the inter-nucleoside phosphates with
30 other molieties such as carzamates, sulfcnates, silcxanes
and the formacetal group. Other modification have been
effected wherein conjugate groups are attached to the
nucleosides of the oligonucleotide via 1linking groups.

such conjugates include fluorescent dyes, intercalating
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agents, proteins, creoss-linking agents, chain-cleaving
agents and other croups including kictin and cholesterol.
An extensive review discussing all of these modificarions
is that of Goodchild, J. (19%0) Bioconjuzate Chemistry,
1:165.

Since the heterocyclic bases of the nucleosides of

tn

an antisense oligonucleotide are necessary fcr the proper

Watson/Crick binding of the antisense oligonucleotide teo

the target RNA or DNA, with the exception of cross-

10 1linking agents, little has been reported as to modifica-
tien on the heterocvclic bases.

"Alpha" nucleosides have be used to form oligonucleo-

tides having "alphe'" sugars incorporated therein. 1In a

like manner 2’/-0O-methylribonucleotides also have been used

15 as precursor building blocks for oligonucleotides. United

States Patent No. £,034,506 and PCT Patent Applicétion

PCT/US8B6/00544 suggest that the sugar portion of a

nucleoside can be ring opened via oxidization and then

ring closed by reactions with an amino or hydrazine group

20 on an adjacent nucleoside. This links the nucleosides.

Further, upon ring closure with the amino or hydrazine

group, a new ring, a morphine ring, is formed from the

residue of the oxidized pentofuranose sugar ring of the

nucleoside. PCT/US35/00544 also suggests that a linear

© 25 amino acid based polymer might be used in plgce of a

.' sugar-phosphate backbone to 1link heterocyclic bases

together in an oligonucleotide-like linkage. Aside from

A

these modifications, modification of the sugar moieties
of the nucleosides of oligonucleotides is also 1lit<le
30 Kknown.

In a further approach to modification of oligonucleo-
tides both the suzar moieties and the phosphates linker
have been removed and replaced'by & polymeric backbone.
Utilizing this approach, heterocyclic bases have been

325 tethered to various polymers including poly(N-vinyl),

GP 055934
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poly(methacryloxyethyl), pzly{methacrylamide), poly(ethyl-
eneimine) and poly(lysine). These types of coxpcunds
generally suffer from inappropriate spatial orientzzion
of the heterocyclic bases for proper hybridization with
5 a target RNA or DNA. A review of such polymeric compounids
and the before ncted "zlpha" sugar ccntaining oligcnuclece-
tides and 2'-O-methylribonucleotides is found in Uhlmann,

E. and Peyman, A., (1990) Chemical Reviews, 90:543,
Recently oxetanocin and certain of its carbocyclic
10 analogs have been studied as antiviral chemotherapeutié
agents. These compounds incorporate an oxetane or a
cyclobutane ring in place of the sugar moiety of a
nucleoside. Cyclobut-2, i.e. (Z)-9-[(18,2q,3B)-2,3-bis-
(hydroxymethyl)-1-cyclobutyljladeninzs, and cyclobut-G, i.e.
15 (*)-9-((1B,2qa,3B)~2,3~bis(hydroxymethyl)-1-cyclobutyl}-
guanine, were reported by Norbeck, D.W., Kern, E. Hayashi,
S., Rosenbrook, W., Sham, H., Herrin, T., Plattner, J.J.,
. Erickson, J., Clement, J., Swanson, R., Shipkowitz, N.,
Hardy, D., Marsh, K., Rrnett, G., Shannon, W., Broder, S.
20 and Mitsuya, H. (1990) J. Med. Cchem., 23:1281. Further
antiviral activity of these compounds was reported by
Hayashi, S., Norbeck, D.W., Rosenbrook, W., Fine, R.L.,
Matsukura, M., Flattner, J.J., Broder, S. and Mitsuya, H.
(199C) Antimicrobial Agents and Chemotherapy, 34:287. As
- 25 reported in Hayashi et. al., both cyclobut-a and cyclobut—

v‘.":,!

G exist as racemic mixtures of diastereomers. Also as
reported by Hayashi et. zl., the thymine, uracil and
hypoxznthine analogs of cyclobut-A and cyclobut-G dig not
exhibit antiviral activity.

30 . In an attempt to eliminate any effecis that the race-
mic, diastereomeric 2,3-bis(hydroxymethyl)-i-~cyclobutyl
portion of cyclcbut-z and cyclobut-G might have towards
phosphorylation by Kinases, non-diastereomeric 3,3-
bis(hydroxymethyl)-1-cyclobutyl analogs of cyclobut-2 and

35 cyclobut-G were synthesized and reported by Boumchita, H.,
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Legraverenc, M., Huel, C. and Bisagni, E. (i¢s0) .
Heterocyclic Chem. 27:1815.. However, c

ontrary to the

activity of cyclobut-A ard cyclobut-G, <the 2,3-bis hy-
droxymethyl)-l-cyclobutyl analogs of adenine angd guanine,

5 1i.e. 9-(3,3-bis(hydroxymethyl)cyclobut-1-yljadenine ard
8-(2,3-bis(hydroxymethyl)cyclokut-i-yllguanine, respec-
tively, were found to be devoid of antiviral activity.

OBJECTS OF THE INVENTION:

10 It is one object of this invention t*o provide
oligonucleotide surrogate compounds that incorporate
cyclobutyl moieties.

It is a further cbject to provide cyclobutyl-based
cligonucleotides surrogate compounds that have antisense

15 hybridizability against DNA and RNA seguences.

It is another object of this invention to provide
cyclobutyl-based oligonucleotide surrogate compounds for
use in antisense diagnostics and therapeutics.

A still further object is to provide research and

20 diagnostic methods and materials for assaying bodily
states in animals, especially diseased states.

~Another okject is to provide therapeutic and research
methods and materials for the treatment cf diseases
through modulation of the activity of DNA and RNA.

25 It 1is yet another object to provide methods for

- synthesizing seguence-specific cyclobutyl-based oligo-
nucleotide surrogate compounds. .

These and other objects will become apparent to the

art skilled from a review of this specification and the

30 claims appended hereto.

BRIEF DESCRIPTION OF THE INVENTION
In accordance with this invention there are provided

oligonucleotide surrogates that are fermed from a plur-

ality of cyélobutyl moieties that are covalently joined

GP 055936
SUBSTITUTE SHEET ‘




WO 94/19023 PCT/US93/01579

-7 -
by linking moieties; each of the cyclcbhutvl moieties hzs
one of a purine or 2 pyrimidine heterocyclic base attached
to it.

In preferred oligonucleotide surrcgates of the

5 invention the purine or pyrimidine heterocyclic base is
a naturally-occurring or synthetic purin-9-yl, pyrimidin-
1-yl or pyrimidin-3-yl heterocyclic base. Preferably,
the purine or pyrimidine heterocyclic base is adenine,
guanine, cytosine, thymidine, uracil, S5-methylcytosine,

10 hypoxanthine or 2-aminoadenine.

In preferred oligonucleotide surrogates the hetero-
cyclic base is attached to each respective cyclobutyl
moiety at the carbon-1 (C-1) position of said cyclecbutyl
moiety and the linking moieties connect to each respective

15 éyclobutyl moiety at the carbon-3 (C-3) position there-
of. In these preferred embodiments, a substituent group
.can be lccated on one of the carbon-2 (C-2) or the carbon-
4 (C-4) positions of at least one of the cyclobutyl moi-
eties. ©Preferred substituents include halogen, C;-C,,

20 alkoxy, allyloxy, C;-Cyo 2lkyl cr ;%0 alkylamine groups.
Preferably, the substituent group is positioned trans to
the heterocyclic base.

In preferred oligonucleotide surrogates of the
invention, the linking moieties are 4 or 5 atoms chains

25 that connect adjacent cyclobutyl moieties. When the
linking moieties are 5 atoms chains, each of thé_linking

v‘,'-:,z

moieties preferably is of the structure L,-L,-L,, where L,
and L, are CH,; and L, is phosphodiester, phosphorothio-
ate, phosphoramidate, phosphotriester, C,~C, a2lkyl phos-
30 phonate, phosphorodithiocate, phosphonate, carbamate,
sulfonate, Cl—cs-dialkylsilyl or fcrmacetal. Preferably,
each of the linking moieties is of the structure L,-L,-
Ly, where L, and L, are CH, and L, is phosphodiester or

phosphorothioate.

SUBSTITUTE SHEET . GP 255937
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" When the lirking moieties are 4 zTenm chains, each cf

the linking moietiles preferably is of the structure:
L,~Lg-L-L,

where:
(a) L4 and L7 are CHz; and
Lg and L,, independently, are CRyR,, C=CRR,,
C=NR3, ¢c=0, C=£, 0, S, soO, SOz, NR3 cr SiRaRS;
or
(b) L4 and L7 are CHz; and
L5 and Lé, together, are CR1=CR2, C=C, part cf
a C, aromatic ring, part of a C,-C, carbocyclic
ring or part of a 3, 4, 5 or 6 membered heterc-
cyclic ring; or
(c) L4-LS—L6-L7, together, are CH=N-NH-CH, or CH,-
O-N=CH;
wherein:
R, and R,, independently, are X, OH, SH, NHz,

Cl-C10 alkyl, C;-Cyp substituted alkyl, Cl--C10
alkenyl, ¢,-¢,, aralkyl, C,-C, alkoxy, C,-C¢ thio-
alkoxy, C;-C, alkylamino, C,-C,o aralkylamino, C,-
C,p Substituted alkylamino, heterocycloalkyl, hetero-
cycloalkylamino, aminozlkylamino, polyalkylamino,
halec, fornyl, keto, benzoxy, carboxamido, thiocarbox-
amido, ester, thioester, carboxamidino, carbamyl,
ureido, gquanidino, an RNA cleaving group, a group
for improving the pharrmacokinetic properties of an
oligcnucleotide, or a group for improving the
pharmacodynamic properties of an oligonucleotide;
Ry is H, OH, NH,, C,-C alkyl, substituted lower
alkyl, alkoxy, lower alkenyl, aralkyl, alkylamino,
aralkylamino, substituted alkylamino, heterocyclo-
alkyl, heterocycloalkylanino, aminoalkylamino,
polyalkylamino, a RNA cleaving group, a group for

improving the pharmacokinetic properties of an oligo-

GP @s553934
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‘nucleotide anc a group for improving the rtharmaco-
dynamic properties of an oligonuclectide; ang
. R, and R., independently, are C,-C, a;kyi or
alkoxy.
5 Particularly preferred 4 atom linking moisties zre CH=N-
NH-CHI, CHz-NH-NH-CHI, CHz—O-NH—CH2 cr CHE-O-N=CH.
Further in accordance with this invention there is
provided a method for modulating the production or
activity of a protein in an organisnm, comprising contact-
10 ing the organism with an cligonucleotide surrogate
formulated in accordance with the forgoing considerations.
Such an oligonucleotide surrogate is specifically hybrid-
izable with at least a pertion of a nucleic acid seguence,
i.e. an RNA or DNA, coding for the protein. At least a
15 portion of the oligonucleotide surrogate is formed from
a plurality of linked cyclobutyl moieties, each moiety
having an attached purine or pyrimidine heterocyclic base.
Additionally in accordance with this invention there
is provided a method of treating an organism having a
20 disease characterized by the undesired producticn of a
protein. This method includes contacting the organism
with an oligonucleotide surrogate also formulated in
acccrdance with foregeing consideraticns. Such an
oligonucleotide surrogate is specifically hybridizable
.25 with at least a portion cf a rucleic acig seguence, i.e.

=< an RNA or DNA seguence, coding for the proteiﬁ whose

A

production or activity 3is to modulated. At least a

porticn of the oligonucleotide surrogate is formed from

a plurality of linked cyclcbutyl moieties, wherein each

30 moiety having an attached purine or pyrimidine hetero-
cyclic base.

Further in accordance with this invention there is

provided a pharmaceutical composition containing as its

active ingredient an effective amount cf an cligonucleo-

GP 055939
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tide surrogate formed from a plurality cf linked cyclo-
butyl moieties, each moiety having an attached purine cr
pyrimidine heterocyclic base; and & pharmeceutically
acceptable diluent or carrier.
5 Even further in accordance with this inventicn there

is provided a methed of in vitro assaying a sesguence
specific ‘'nucleic acid, i.e. an RNA or DNA, ccmprising
contacting an in_ vitrc composition which includes the
nucleic acid with an oligonucleotide surrogate that is

10 specifically hybridizable with at least a portion of the
nucleic acid. The oligenucleotide surroagate preferably
is formulated in accordance with the foregoing consider-
ations. Thus, at least a portion of the cligonucleotide
surrogate compound 1s formed from a plurality cf linked

15 cyclobutyl moieties, each moiety having an attached purine
or pyrimidine heterocyclic base.

Even further in accordance with this invention there
is provided a process for the preparation of a compound
formed from a plurality of linked cyclebutyl moieties

20 wherein each moiety has an attached purine or pyrimidine
heterocyclic base. The process comprises the steps of:
functicnalizing the cyclobutyl moieties with a leaving
group; displacing the leaving group on each cf the cyclo-
butyl moieties with an independently selected purine or

25 pyrimidine heterocyclic base; functionalizing each of the

base-containing cyclobutyl moieties with & protecting

[ 1.’3,:

group; further functicnalizing the protected moieties with
an activated linking group; and stepwise deproteczing and
linking  the heterocyclic-base-containing cyclobutyl
30 moieties. Such processes can be augmented to include
stepwise deprotection and linkage of the base-containing
cyclobutyl moieties on a polymeric support. In a pre-
ferred embodiment of this process, the kase-containing
cyclobutyl moieties are stepwise deprotected and linked

25 together by: (2) derrotecting a first of the protected

GP 355940
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moieties; (b} linking a further of the proteczed moieties
bearing an activated linking group with the deprctected
moiety to form a linked structure; and (c) deprotecting
the linked structure. Deprotecting and linking steps (b)
S énd (c) preferably are repeated a plurality of times.

Even further in accerdance with this invention there
is provided an antiviral composition containing as its
active ingredient an effect amount of a compound of
structure (a):

HO Bx

HO

10 STRUCTURE (A)
wherein B, is purin-9-yl, pyrimidin-1-yl or pyriridin-3-
Y1l; and a pharmaceutically acceptable diluent or carrier.
Additionally in accordance with this invention there
is provided a method of treating viral diseases in mammals
15 comprising administering to the mammal a therapeutic
amount of a composition containing as its active ingredi-
ent a compound of the structure (A). In preferred
embodiments, the viral disease is a herpes viral disease.

- DETAILED DESCRIPTION OF THE INVENTION . -

20 In the context of this invention, the term "nucleo-
side"” refers to a molecular species made up of a hetero-
cyclic base and a sugar. In naturally-occurring nucleo-
sides, the heterocyclic base typically is gquanine,
adenine, cytosine, thymine, or uracil. Other natural

25 bases are known, as are a plenitude of synthetic or
"modified" bases. In naturally-occurring nucleosides, the
sugar is normally deoxyribose (DNA type nucleosides) or
ribose (RNA type nucleosides). Synthetic sugars also are

GP 255941
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known, including arabino, xylo cr 1lyxo pentofuranosyl

sugars and hexcse sugars. Historically, the term nucleo-

side has been used to refer to bo*th naturalily-occurring

and synthetic species formed from naturally-occurring or
5 synthetic heterocyclic base angd sugar subunits.

The term "nucleotide" refers to a nucleoside having
a phosphate group esterified to one of its 2", 3’ cr s¢
sugar hydroxyl groups. The phcsphéte group normally is
a monophosphate, a diphosphate or triphosphate. The term

10 "oligonucleotide" normally refers to a plurality of joined
monophosphate nucleotide units. These units are formed
from naturally-occﬁ}ring bases and pentofuranesyl sugars
joined by native phosphodiester bonds. & home-oligonuc-
leotide is formed from nucleotide units having a common

15 heterocyclic base.

The term "oligonucleotide analog" has been used to
refer to molecular species which are structurally similar
to oligonucleotides but which have non-naturally-occurring
portions. This term has been used to identify oligo-

20 nucleotide-like molecules that have altered sugar
moieties, altered base moieties, or altered inter-sugar
linkages. Thus, the term oligonucleotide analog denctes
structures having altered inter-sugar linkages such as
pPhosphorothioate, methyl phosphonate, phosphotriester or

25 phosphoramidate inter-nucleoside linkages in place cf

. "!

native phosphcdiester inter-nuclieoside lirkages;- purine

and pyrimidine heterocyclic bases other than cuanine,

adenine, cytecsine, thymine or uracil; carbocyclic or

acyclic sugars; sugars having other than the B pento-

30 furanosyl configuration; or sugars having substituent

groups at their 2’ position or at cne or more of the sugar
hydrogen atoms.

Certainoligonucleotideanalogshavingnon-phcsphodi-

ester bonds, i.e. an zltered inter-sugar linkage, can be

35 referred to as "cligonucleosides." The term oligonucleo-

GP 055942
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side thus refers to & plurality of joined nucleoside units
joined by linking groups other than native phcosphcdiester
linking groups. 2Additionally, the term "oligcmers" can
be used to enccmpass oligonucleotides ancd oligonucleotide
5 analogs. Generally, the inter-sugar linkages cf oligo-
nucleotides and oligonucleotide anzlocs are fro:m the 32
carbon of one nucleoside to the 5’ carbon of a second
nucleoside; however, the terms oligomer and cliconu-
cleotide analog also have been used in reference to 2=
10 5/ linked oligonucleotides.

Antisense therapy is the use of oligonucleotides or
cligonucleotide analogs to bind with complementary-strands
of RNA or DNA. After binding, the oligonucleotide and the
RNA or DNA strand are "duplexed" together in 2 manner

15 analogous to native, double-scranded DHA. The oligo-
nucleotide strand and the RNA cr DNA strand can be
considered complementary strands wherein the individual
strands are_positioned with respect to one another to
allow Watson/Crick type hybridization of the heterocyclic

20 bases of one strand to the heterocyclic Lkases of the
opposing strand.

Antisense therapeutics can be practiced in a plethora
of organisms rancing from unicellular proXKarvotic and eu-
karyotic organisms to multicallular eukaryotic organisms.

25 Any organism that utilizes DNA-RNA transcription or RNA-

protein translation as a fundamental part of its heredi-

v‘.":‘!

tary, metabolic or cellular contrcl 1is susceptible to
antisense therapeutics and/or prophylaciics. Seemingly
diverse organisms such &as bacteria, yeast, gprctozoa,
30 algae, and all plant andé 21} higher animal forms, includ-
ing warm-blcoded animals, can be treated by antisense
therapy. Further, since each cf the cells of multicel-

lular eukaryotes incluces both DNA-RNA transcription and
RNA-protein translation as an integral part cf their

35 cellular activity, antisense therapeutics and/cr diagnos-

GP 955943
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tics can also be practiced on such cellular populations.
Furthermore, many of the orcanelles, e.g. mitcchondria and
chloroplasts, of eukaryotic cells alsc inélude transcrip-
tion and translat.on mechanisms. As such, single cells,
cellular populatiens andg organelles can also be included
within the definition of organisms that zre capable of
being treazted with antisense therapeutics or diagnostics.
As used herein, therapeutics is meant to include both the
eradication of a disease state, Killing of an organisn,
€.g. bacterizl, protozoan or other infection, or control
of erratic or harmful cellular growth or expression.
Antisensetherapyutilizing"oligonucleotideanalogs"
is exemplified in the disclcsures of the following Uniteg
States and PCT Patent Applications: Serisl No. 462,358,
filed January 11, 1950, entitled Compcsitions And Metheds
For Detecting And Modulating RNA Activity; serial No.
566,836, filed August 13, 1920, entitled Novel Nucleoside
Analogs; Serial No. 566,577, filed August 13, 1990,
entitled Sugar Modified Oligonuclectides That Detect And
Modulate Gene Expression; Serial No. 558,683, filed July
27, 1990, entitled Novel Polyamine Conjugated Oligo-
nucleotides;, Serizl No. 528,806, filed July 27, 1991,
entitled Nuclease Resistant Pyrimidine Modified Oligonuc-
leotides That Detect And Modulate Gene Expression; Serial
No. 703,613, filed May 21, 1221, entitled Backbone
Modified OCligonucleotide Analogs; Serial No.
PCT/US91/00243, filed January 11, 1991, entitled Com-
positions and Methods For Detecting And Modulating RNA
Activity; ard Serial No. PCT/US91/01822, filed March 19,
1991, entitled Reagents and Methods For Medulating Gene
Expressicn Through RNA Mimicry. The foregeing applica-
tions are assigned to the assignee of this invention. The
disclosure of each is incorporated herein by reference.
This invention is directed to certain molecular

species which are related to oligonucleotides but which
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do not included a sugar noiety. In this inventien,
cyclobutane rings, 1i.e. cyclobutyl meieties, having

heterocyclic bases attached thereto are conneczed by

'linkihg molieties into oligonucleotide-like structures.

S Such structures, while chemically different from oligo-

nucleotides (or oligonucleotide analogs), are functicnally

similar. Such molecular species are therefore oligo-

nucleotide surrogztes. As oligonuclectide surrcgates they

serve as substitutes for oligonucleotides. We have fourc

10 that they are capable of hydrogen bonding to complementary

strands of DNA or RNA in the same manner as are oligonuc-

leotides.

As will be recognized, a cyclobutane ring system may

be considered as fixed when compared to a pentofuranose

15 ring systen. Thus, while a pentofuranose ring system

allows for rotation about intra-ring chemical bonds, a

cyclobutane ring system does not. Consequently, the

pentofuranosyl ring system can "pucker”; a cyclobutane

ring - cannot. However, 1like a pentofuranosyl ring, a

20 cyclobutane ring system has a sufficient number of

functional positions within the ring to allow for Flace-
ment of a number of substituent functional groups.

The nomenclature of nucleoside chemistry utilizes un-

primed numbers to identify the functional positions on the

25 heterocyclic bkase peorticn of the nucleoside and primed

numbers to identify the functional positions on the sugar

portion of the nucleoside. Further, the f isomer of a

ribofuranesyl ring is syn about the anomeric C-1 position

is syn with respect to the C-5 czrbon, while the ¢ isomer

30 1is trans with respect to the C-5 carton. IUPAC recom-

mended nomenclature for the functional positions of

cyclobutane differ from such standard nucleoside nomencla-

ture. Utilizing IUPAC ncmenclature, the substitution of

position C-1 in the cyclcbutane ring is always «a.
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For the purpcses of this invention, positioral
identification of the cyclobutane ring is made by refer-

ence to structure (38):

STRUCTURE (B)

5 1In the illustrative example below and the claims appended

hereto, positional nomenclature is determined in a manner
consistent with structure (B).

The oligonucleotide surrogates of the invention are

formed by 1linking together a plurality of cyclobutyl

10 moieties via linking moieties. Each of the cyclobutyl

A moieties includes a covalently-boung purine or pyrimidine

heterocyclic base. Each of the linking moieties covalent-

ly bond two adjaéent cyclebutyl moieties. Linked together

in this manner, the cyclobutyl moieties present <their

15 heterocyclic bases in spatial positions fer hykridization
with DNA or RNA strands.

According to the present invention, cyclobutyl-based
oligonucleotide surrogates include a plurality of sub-
units. Each subunit includes a cyclobutane ring, a

20 heterocyclic base, and a linking moiety for :joining
adjacent subunits. The oligonucleotide surrcgates of the

M.‘-:,l.

invention preferably comprise from zbout 2 to about 100

subunits. Preferably, cligcnucleotide surrogates comprise

greater than abou; & subunits, preferably from about 8 to

25 about 60 subunits, even more preferably from about 10 to
about 30 subunits.

The heterocyclic base of each of the subunits can be

a8 natural heterocyclic base or a synthetic heterocyclic

base. 1In preferred embodinments the heterocyclic base is
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selected as a naturally-occurring cr synthetic purin-o-
yl, pyrimidin-1-yl or pyrimidin-2-yl heterocyzli:c base.
Heterocyclic bases include but are not lirmited to adenine,
guanine, cytosine, thymidine, uracil, 5-methylcvtosine,
5 hypoxanthine or 2-aminoadenine. Other such heterocyclic
bases include 2-aminopurine, 2,6-diaminopurine, é-mercap-
topurine, 2,6-dimercaptopurine, 3-deazapurine, 6-amino-
3-deazapurine, 6-amino-3-deaza-2-oxypurine, 2-amino-é&-
mercaptopurine, S-methylcytosine, 4-amino-2-mercapto-
10 pyrimidine, 2,4-dimercaptopyrimidine, 5-flvorocytosine.
Other suitable heterocyclic bases include those
identified in Patent Application Serial No. 558,8Cs, filed
July 27, 1990, entitled Nuclease Resistant Pyrimidine
Modified Oligonucleotides That Detect and Modulzte Gene
15 Expression and in PCT Patent Application US6/00544. The
portions of these patent applications that set forth such
heterocyclic bases are incorporated herein by reference.
In accordance with the invention, linking roieties
are selected to covalently link individual heterocyclic-
20 base-containing cyclobutyl moieties to gether in an
crientation wherein the heterocyclic bases are positioned
in space in a conformation which allows hybridizaticn with

a complementary straznd of DNA or RNA.
In preferred embodiments of the invention the linking

moieties are selected as 4 or 5 atoms chains. Such 4 and

TN
wm

ks 5 atoms chains include the phosphodiester linkages of
native DNA and RNZ as well as the related synthetic phes-
phorothioate, phosphoramidate, alkyl phesphcnate, phos-
pPhorodithioate and phosphotriester linkages of "oligo-
30 nucleotide analogs.™ Other 1linking moieties include
pPhosphate, carbamate, sulfcnate, C,-Cg-dialkylsilyl or
formacetal linkages. Further linkages include an -0-CH, -

CH,-0- linkage and the novel linkages disclosed in United
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States Patent Agplications Serial No. 566,€35 and Ser:ial
No. 703,619, identified akove.
A preferred group of 5 atem linking moieties of the
invention include linking moieties of the structure L,-
5 LZ'LB where L, and L, are CH,; and L, is rhosphodiester,
phosphorothiocate, phosphoramidate, phosphotriester, C,-
C, alkyl phosphonate, phosphorodithioate, phosphonate,
carbamate, sulfonate, C;-Cg-dialkylsilyl or forzmacetsz
A particularly preferred group cf such 5 atom linker is
10 of the structure Ll—Lz-L3 where L, and L, are CE,; and I
is phosphodiester or phosphorethiocate.

A preferred group of 4 atoms linking moieties of the
invention include linking moieties of the struc-ure L,-
Lg-Lg-L, where:

15 L, and L, are CH,; and L¢ and L;, independently,

are CRle, C=CR1R2, C=NR'3, ¢=0, C=s, 0, s, SO, 502,

NR, or SiRGRs; or

L5 and Ls' together, are CR1=CR2, C=C, part of

a C, aromatic ring, part of a C3-C¢ carbocyclic ring

20 or part of a 3, 4, S or 6 membered heterocyclic ring;

or
Lc'Ls_Ls'L7' together, are CH=N—NH-CH2 er CH,-

O-N=CH;
wherein:
25 R, and R,, independently, are H, OH, SH, NH,,
Ty €;-Cyp alkyl, C,-C,, substituted alkyl, C,~C,, al-

¥enyl, C,=-C,p aralkyl, C,-C, alkoxy, €,-C, thicalkoxy,
C,-C, alkylarmino, C,-C,, aralkylamino, €;~Cyp sub-
stituted alkylamino, heterocycloalkyl, heterocyclo-
30 alkylamino, aminoalkylamino, polyalkylamino, halo,
formyl, keto, benzoxy,’carboxamido, thiocarbexamido,
ester, thicester, carboxamidino, carbamyl, ureide,
guanidino, an RNA clezving group, a group for
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improving the pharmacokinetic properties of an oligo-
nucleotice, or a grour for improving the pharmaco-
dynamic properties of an oligonuclectide;
R; is H, OH, NE,, C,-C, alkyl, substituted lower
5 alkyl, alkoxy, lower alkenyl, aralkyl, alkyliamino,
aralkylamino, substituted alkylamino, heterocyvcloe-
alkyl, heterocycloalkylamino, aminoalkyvlamino,
polyalkylamino, a RNA cleaving group, a group for
improving the pharmacokinetic properties of an oligo-
10 nucleotide and a group for improving the pharmaco-
dynamic properties of an oligonucleotide; and
R4
alkoxy.

and Rs' independently, are Cl-c6 alkyl or

Groups that enhance pharmacodynamic properties

15 improve uptake cf the oligonucleotide surrogates, enhance

 the resistance of the oligonucleotide surrogates to

degradation, and/or strengthen sequence-specific hybridiz-

ation with RNA. Groups that enhance pharmacokinetic

properties improve the uptake, distribution, netabolism

20 or excre;ion of the oligonucleotide surrogates. A partic-

ularly preferred grbup cf 4 atom linking moieties includes
CH=N-NH-CH2, CH2—NH-NH-CH2, CHz-O-NI-i—CI“I2 and CHz-O-N=CH.

In addition to heterocyclic bases and 1linking

moieties, the cyclobutyl moieties of the invention can

25 further include other substituent groups. Fcr oligonuc-

leotide surrogates of the invention having their-hetero-

cyclic base at position C-1 and the linking moieties at

-1.!';!

position C-3, such substituent groups can be located on
one or both of the C-2 or the C-4 position. Preferred
30 substituent groups include halogen, C,-C,p 2lkoxy, allyl-
oxy, €,-C,, alkyl cr C,-C,p alkylamine. Preferably the
substituent group is positioned trans to said hetero-

cyclic base.
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~. Certain preferred embodinents of the invenzion +take
advantage of the symmetry cof 3,3-bis-hydroxymethvi-
cyclobutane substituted at the C-1 positicn with a hetero-

cyclic base, as in suructure (C).

HO

HO

S STRUCTURE (C)
Compounds of this type can be synthesized by procedures
which involve first preparing l-heterocyclic, base-
substituted derivatives of l-benzyloxy-3,3-bis-hydroxy-
methyl-cyclobutane. These base-bearing compounds are then
10 directly converted to their corresponding mono-O-substi-
tuted methoxytrityl derivatives. 1In one embodiment of the
invention, the ;;Eo—o-substituted methoxytrityl deriva-
tives are then converted to octameric phosphodiesters on
an aminomethyl-polystyrene carrier utilizing the phospho-
15 triester method of Van Boom, J.H., Van der Marel, G.A.,
Van Boeckel, C.A.A., Wille, G. and Hoyng, C. Chemical and
Enzymatic Synthesis of Gene Fragments, & Laboratory
Manuzl, edited by H.G. Gassen and Anne Lang, Verlag Chemie
Weinhiem/Deerfield Beach, Florida/Basel 1¢82.
20 Utilizing i1-benzyloxy-3,3-bis-hydroxymethyl-cyclo-
butane, l-thymidyl—j,3-bis-hydroxymethyl~cyclobgtane and

l-adenyl=-3,3-bis-hyéroxymethyl-cyclobutane can be synthe-

sized by direct introduction of the heterocyclic bases;
uridyl-3, 3-bis-hydroxymethyl-cyclobutzane, l-guanyl-3,3-
25 bis-hydroxymethvl-cyclcbutane and l-cytidyl-3,3-bis-
hydroxymethyl-cyclobutane are prepared by similar procedu-
res, as are cyclecbutanes substituted with other hetero-
cyclic bases. To effect direct introduction of the
heterocyclic base, the known l-benzyloxy-3,3~bis~hydroxy-

30 methyl-cyclcbutane is converted to the 05,05'—isopropyli-

GP 055950

SUBSTITUTE SHEET

L




WO 94/19023 PCT/US93/01579

dene-ether c¢f l-hydroxy-2,I-bis-hydroxymethyl-cvclchutare.

Various sulfonate esters were examined fcr the introduc-
tion of the heterocyclic base. In the series mesylate,
Losylate, brosylate and nosylate, the best properties with

5 respect to stability and reaction tcnditicns for substisu-
tion were observed with the p-bromobenzenesulfcnate.

Introduction of adenine was accomplished in 90 §

yield in DMSO at 80° C for 24 hours. Only the N®-substi-

tuted product was detected by TLC. Substituticn wi<h 3

10 eguivalents of thymine under the same conditions led to

a mixture of 3 produzts: Nl-substituted (55 %), disubsti-

tuted (34 %) and traces of N°-substituted product. Use c¢f

a four-fold excess of thymine did not suppress the

formation of the disubstituted product. The desired

15 Héterocyclic-base-substituted compounds were purified by

flash chromatography and were deprotected with hydro-

chloric acid in dioxane to yield correspondinc 3,3-bis

hydroxymethyl derivetives having an appropriate hetero-
cyclic base at the C-1 position. v

20 Reaction of the l-heterocyclic-base-substituted 3,3~

bis-hydroxymethyl-cyclobutanes with monomethoxytrityl

chloride yielded the desired monomethoxytrityl deriva-

tives. After separation of the isomers, these ccmpounds

can then directly be used to form cligonucleotide sur-

25 rogates via phosphotriester oligonucleotide synthesis

methods. Alternately, they mayv be converted to a corres-

ponding phosghoramidate for use in the phosphoramidate

nd.’fvg

oligonucleotide synthesis method.
Utilizing phosgheotriester chemistry, reacticn of 3,3-
30 bis-hydroxymethyl-i-thymidyl-cyvclobutane with 1.3 eguiv-
alents of monomethoxytrityl chloride in pyridine led to
two monosubstituted products (35 % and 42 % vyields,
respectively) as well as the disubstituted derivative (9

%) and unreacted starting mzterial (6.5 %). Addition of
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more methoxytrityl chloride did nct diminish the armoun-=
of startiné diol, but rather increased the amount of
disubstituted product. The two mono-substitited isomers
were each independently processed by the phosphotriester
5 method to octameric phosphodiesters on a sclid suppor:
with thymidine as a starting nucleoside.

Because of the asymmetry of the starting isomers, the
resulting oligonucleotide surrogate compounds were of a
pseudo-8- and a pseudo-a-configuration. The designaticn

10 "“pseudo-B" refers to an oligonucleotide surrogate of the
invention formed from cyclobutane units having their
heterocyclic base positioned cis to what would be the 5’
position of a natural oligonuclectide; "pseudo-eo'" refers
toc oligonucleotide surrogates where the heterocyclic base

15 would be trans to that same 5’ position. The pseudc-a and
pseudo-B8 configurations are shown in structures (D) and
(E). A "normal" terminzl thymidine nucleotide has been
included in the structures at the "3’" terminal ends to
better illustrzte the configurations of the cyclobutane

20 basq? oligonucleotide surrogates cf the invention.

H[o__

a‘.'-‘lf

STRUCTURE (D)
PSZUDO~ax
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H [} Bese

OH

STRUCTURE (E)
PSEUDO-8

In the adenine series (and in like wanner in the

guanine and cytosine series) the amino group of a 1-

5 (heterocyclic base)-3,3-bis-hydrexymethyl-cyclebutane is
first protected by benzoylation to provide the N,N-diben-

zoate derivative in 95 % yield. This dibenzoate compound

is then further converted to the desired isomers of
N‘—benzoyl-os-methoxytrityl—:s-hydroxymethyl—l—adenyl-

10 cyclobutazne in two different ways. Removai cf the
isopropylidene group prior to mono-debenzoylatien with

ammonia in THF proved to be more efficient compared to
mono-debenzoylaticn pfior to removal of the isopropylidene

_ﬂv— group. Following mono-debenzoylation and removal of the
15 1isopreopylidene group, the resulting isomers of the
alcohols were again separately processed to octameric
phosphodiesters on a solid suppert with 2-deoxy-adenosine

as a starting nuclecside. This gave the desired pseudo-

8- and pseudo-c-oligonucleotide surrogates.

20 As a further aspect of this invention the cis and
trans isomers of mono-hydroxymethyl substituted adenyl-
cyclobutane were also prerared. % chromatographic
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sepa}ation of the c¢is anc trans isomers cf carboethoxy
intermediates was utilized. The procedure was applied
separately to both isomers cof i-benzyloxy-3-carbethcxy-
cyclobutane. Reduction of the carbethoxy group with

5 lithium aluminum hyéride, protection with t-butyldiphenyl-
silyl chloride, hydrogenolytic removal of the benzyl
group, introduction of the leaving group with p-bromo-
benzenesulfonylchloride, and substitution with adenine in
the presence of DBU in DMSO led to t-butyl-diphenylsilyl

10 protected N’-substituted adenine derivatives, together
with the corresponding N’-substituted derivatives. In
both cases desired compounds were separated by chroma-
tography. Final deprotection with hydrofluoric acid in
urea gave the desired cis and trans l-adenyl-3-hydroxy-

15 methyl-cyclobutanes.

For the introducticon of N‘—isobutyryl-cytosine and
2-amino-6-methoxyethoxy-purine (the corresponding guanine
compound) the phenylsulfonyl leaving group proved toc be
the most efficient.

20 Syhtheses of l-adenyl-3,3-bis-hydroxymethyi-cyclo-
butane were recently reported by Maruyama, T., Sato, Y.,
Horii, T., Shiota, H., Nitta, K., Shirasaka, T., Mitsuva,
H. and Honje, J. (1%90) J. Chem. Fharm. Bull., 38:271% and
Boumchita, H., Legraversnd, M., Huel, C. and Bisagni, E.

. 25 (19%0) J. KFeterocyclic Chem., 27:1B15. Both o©of these
groups made use of a 1l-amino derivative that Qqs then

-1.":,{

elaborated to the end produczs Ly a stepwise synthesis of

the heterocycle. This is to be contrasted with the

teachings of this invention, wherein the heterocyclic

30 bases are introduced directly by exploiting the preferen-
tial alkylation of these bases.

For the preparation cf oligonucleotide surrogate

compounds of the invention having phosphorothiocate,

phosphoramidate, phosphcotriester, C,-C, alkyl phosphcnate
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and. phosphcrecdithicate groups, the oligonucleotide
synthetic metheds based con rhospheramidate chemistry‘cf
the following, above-refe;enced United States and PCT
.Patent Applications: Serial No. 566,536, Serial No.

5 463,358, serial No. 538,806, Serial No. 558,663, Seriai
No. 566,677 and Serial No. US31/00243. Briefly, prctected
l-adenyl, guanyl or cytidyl cr unprotected thymidyl and
uridyl—3-monomethoxytrityl-E—hydroxymethyl-cyclobutane are
Phosphitylated and the resulting activated phosphate

10 monomers are then joined to appropriate oligonucleotide
surrogates. A phosphecrothiocate-type backbone is formed
utilizing the Beaucage reagent, i.e. 3H~-1,2-benzodi-
thiocate-3-one 1,i-dioxide, see Radhakrishnan, P.I., Ecan,
W., Regan, J.B. and Beaucage, S.L., (19%90), J. A=. Chem.
15 Soc., 112:1253.

For the preparation of oligonucleotide surrogate
compounds of the invention having 4 atom linking noieties,
the synthetic methods of United States Patent Applications
Serial No. 566,836 and Serial No. 703,619 are practiced.

20 Specifically, the 3-hydroxymethyl group of a protected 1-
adenyl, guanyl or cytidyl or unprotected thymidyl and
uridyl-3-moncmethoxytrityl—:-hydrcxymethyl-cyclobutaneis
oxidized to the corresponding 3-aldehydic deriveazive by
treatment with DMSO, benzene, DCC, pyridine and trifluoro-

25 acetic acid utilizing an oxidation procedure analogous to
that of Pfitzer, K.E. and Moffat, J.G. (1963) J. Am. Chem.

Soc., 85:3027. The 3-aldehvdic intermediate can be
blocked for use as an aldehyde or it can be fur<her
converted to a hydrazino qompound. Thus, the 3-aldehydic
30 intermediate is either then treated with 1,2-dianilino-
ethylene to afford a 3-diphenylimidazolidino-protected 3-
aldehydo compound or the 32-aldehydic intermediate is
treated with hydrazine hyérate and sodium cyancborohydrazte
in acetonitrile to give the corresponding 3-hydrazino

35 compound. These compounds zare then used in further

9
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synéhesis as per <the teachings cf above-ncted Patent
Application Serial No. 703,619 to yield ccrresponding
hydrazino and hydrazzine-linked, heterocyclic-base-substi-
tuted cyclobutane dimers. Such dimers can be incoroorated

5 1into the oligonucleotide surrogates cr extended to form
longer chain hydrazino or hydrazine-iinked oligcnuclectide
surrogates. Thus, oligonucleotide surrcgates of the
in?ention having linking moieties of the structures CH=N-
NE-CH, and CE,-NH-NH-CH, are prepared in a facile manner.

i0 Further protected 1-adenyl, guanyl or cytidyl or
unprotected thymidyl and uridyl-3-monomethoxytrityl-3-
hydroxymethyl-cyclobutane &are converted to the corres-
ponding 3-N-hydrcxyphthalimide-3-monomethoxytrityl-3-
hydroxymethyl-cyclobutanes by treatment cf 3-monomethoxy-
15 trityl-3-hydroxymethyl-cyclobutane conmpounds with N-
hydroxyphthalimide, triphenylphosphine, and diisopropyl-
azodicarboxylate in dry DMF. The N-hydroxyphthalimido
compound is then converted to a corresponding 3-amino
intermediate compound by treatment with methylhydrazine
20 in dry CH,C1l, uncer anhydrous conditions, as per the
teaching of above-referenced PFatent Application Serial

No. 703,619.
Reaction of 3-amino cyclobutzne compounds with 3-
aldehydic cyclobutane conpounds yield oxime-linked
25 compounds. Such oximes can be reduced with sodium cyano-

borohydridé to form hydroxylamine linkages, if desired.

4,

Thus, oligonuclectide surrogates of the invention having
linking moieties cf the structures CH,~-O-NH-CH, and CH,-
O-N=CH are preparec in a facile manner.

30 Oligonucleotide surrogates of the invention having
sulfonate linkages are prepared by reacting protected 1-
adenyl, guanyl or cytidyl or unprotected thynmidyl and
uracyl-3-monomethoxytrityl-3-hydroxymethyl-cyclobutaneas

per the procedures cof Musicki, B and Widlanski, T.S.
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(19%0) J. rcanic Chem., E5:4231. Pnecspheramidates
linkages are formed as per the procedure of Gryaznov, S.M.
and Sokolova, N.I. (1990).Tetrahed:an Letters, 1:3205;
formacetal linkages as per the procedure of Matteucci, M.

5 (1990) Tetrahedron Letters, 31:2385; phosphonate linkages

h

as per the procedure of Mazur, A., Troop, B.E. and Engel,

R. (1984) Tetrahedron, 40:3949; carbamate linkages as per

the procedure of Stirchak, E.P. and Summerton, J.E. (1987)

J. Organic Chem., 52:4202; aminoacyl linkages as per <he

10 procedure of Li, C and Zemlicka (1977) J. Orgaric Chenm.,

42:706 and Nyilas, A., Glemare, C. and Chattopadhyaya, J.

(1990) Tetrahedron, 46:2149; methylene linkages as per the

pProcedure of Veeneman, G.H., van der Marcel, G.A., van den

Elst, H. and van Boom, J.H. (1990) Recl. Trav. Chim. Pays-

15 Bas, 109:449; and silyl linkages as per the procedure of

Ogilvie, K.K. and Cormier, J.F. (1985) Tetrahedron

Letters, 26:4159.

The oligonucleotide surrogates cf this invention can

be used in diagnostics[ therapeutics, and as research

20 reagents and kits. For therapeutic use the oligonuc-

leotide surrogates are administered to an animal suffering

from a disease modulated by a protein. It is preferred

to administer to patients suspected of suffering from such

a disease an amount of the oligonucleotide surrogate that

25 1is effective to reduce the symptoms of that disease. One

skilled in the art may determine optimum dosages and
treatment schedules fcr such treatment regimens.

t is generally preferred to administer therapeutic

.

oligonucleotide surrogates in accordance with this
30 invention internally such as orally, intravenously, or
intramuscularly. Other forms of administration, such as
transdermally, tepically, or intra-lesionally may also be

useful. 1Inclusion in suppositories may alsoc be useful.
Use of the oligonucleotide surrogates of this invention
35 in prophylaxis is also likely to be useful. Use of

GP 855957

AU IRETITHTE QUEET

__—<_




WO 94/19023 PCT/US93/01579

8 =

[N}

~

pharmacologically acceptable carriers is also preferred
for some embodiments.

Additional objects, advarntages, and novel features

o
[ B4
b’
1Y
,

of this invention will beccme apparent toc those ski
5 in the art upon examination of the following examples,

which are nct intended to be limiting.

Experimental
General - Flash chromatography: silica gel Merck 60,
230 - 400 mesh ASTM; Alumina B act I: ICN Biomedicale N°
10 02072; Hyflo: Fluka N° 56678; Molecular sieves: 0.4 and
0.3 nm, beads about 2 mm, Merck No 5704 and $708; TLC
plates: Merck silicaz cel €0 f.;, preccated, layer thick-
ness: 0.25 mm; Solvents: Dichloromethzne: stored over 0.4
nm molecular sieves; Dimethoxyethane (DME): passed over
15 basic alumina before use; Dimethylsulfoxide (DMSO) :
distilled under vacuum and stored over 0.4 nm mclecular
sieves; Dioxane: passed over basic alumina before use;
Ethanol: stored over 0.3 nm molecular sieves; Pyridine:
distilled and stored over 0.4 nm molecular sieves;
20 Tetrahydrcfuran (THF): distilied over potassium - naph-
thalene and stored over 0.4 nm molecular sieves; Tecluene:
distilled and stored over 0.4 nm molecular sieves;
Triethylamine: distilled and stored over 0.4 nm molecular
sieves; Solvents for chromatography: ratios given in v/v,
25 distilled before use; Mel<ing point: Biichi apparatus;

I.R.: Perkin - Elmer model 881, film: 1 drop substance

-'.’55

between 2 sodiunm chloride plates; NMR: 200 Muz: Varian GEM
200; 300 Mrez: Varian GEM 300; 400 MHz: Bruker WM 400,
solvent internzl reference: CDC1,: ly: 7.265 PPM, 3¢,
30 77.00 PPM; CD,0D: 'H: 3.34 PPM, '3C: 49.00 PPM; DMsSO: lu:
2.50 PPM, !3c: 39.70 PPM; abbreviatione: s, singlet; d,

doublet; t, triple<:; , cuadruplet; gquint, uintuplet;
p g9, ¢ p

1

Carbon NMR: completely decoupled and APT spectrz were
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usually recorded, off-resorance decoupled specira were
recorded only if necessary; U.V.: Perkin - Elmer Lambda
8 UV/VIS/NIR spectrometer; M.S.: 2 A3, KF apparatus, FAR
technique, thioglycine as solvent: numbering on arcmatic
5 rings: r, reference; o, crtho; m, meta; p, Eé&ra; on
heterocyclics: adenine: ad + number; guanine: gu + rumber;
thymine: thy + number; uracil: ur + number; cytesine: cy

+ number.

‘ EXAMPLE 1
10 1-Benzyloxy-3,3-bis-carbethoxy-cyclcbutane 1.
. Compound 1 was prepared zccording to the literature
~brocedures cf Avram, M., Nenitzescu, C.D. and Maxim, C.D.
(1957) Chem. Ber., 90:1424 and safanda, J. and Scbotka,
P. (1982) Collect. Czech. Chem. Commun. 47:2440 with minor
15 improvements. Malonic acid diethyl ester (258.6 ml, 1.703
moles) was added neat over a two hours pericd to a
suspension of sodium hydride (51.10g, 1.703 moles, Fluka
N® 71614: 80 % NaH in cil) in dioxane (1000 ml). This
solution was stirred 90 min at room temperature. 1-Bromo-
20 2-benzyloxy-3-chloro-propane (500g, 1.789 moles) was added
nea2t over a one hour period. The mixture was stirred for
one hour at room temperature, followed by 24 hours at 125°
C. After slow cooling to room temperature, a 1like
guantity of sodium hydride was added neat in § g portions
" 25 over one hour. The suspension was slowly heated to 125°
C and mechanically stirred for 120 hours at this temper-
ature. The workup was as described in the literature
references. Thus, compound 1 was £first purified by
distillation 172° C at 0.6 Torr, followed by flash chro-
350 matography (tertiobutylmethylether/hexane = 1/99 to 2/8)
to afford 1: 382.5 g, 73.3 % as a colourless oil.
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EXAMPLE 2

l-Benzylcxy-:,3-bis-hydroxymethyl-cvclctutane 2.
A solutiorn of 1 (95.8 g, 213 mmoles) in dimsthoxy-
ethane (80 ml) was added drcpwise at =oonm temparasture
5 under argon to a suspension of lithium zluxminum hydride
(15 g, 395 mmoles) in dimethoxyethane (360 ml). The
addition was done so as to maintain the reacticn temper-
ature under 50° C. (TLC control: ethyl acetate; Rf =
0.30). The reactiocn mixture was stirred under argen at
10 room temperature for 48 hours. After completion of the
reaction, water (10 ml) was slowly added with vigcrous
stirring. The reaction mixture was then transferred into
a 2.1 flask containing silica gel (800 ml) and the solvent
~ was removed under vacuun until a2 fine pcwder was obtained.
15 This powder was added to 2 5 cm Hyflo pad on a frittegleass
and washed with ethyl acetate (400 ml frazctions with TLC
control). The fractions ccntaining product were evapcr-

ated to give 55 g of crystalline 2 (79 % crude). After
recrystallization from ethyl-acetate/hexane 43.2 g , 62
20 % of colourless crystals were obtained. The mother

liguors were purified by flash chromatography (eluent:
ethyl acetate/hexane = 5/5 to 7/3) to give 5 g, 7.2 $ of
crystals; MW = 222. 285; MP = 67.5 - 68.5° C; I.R. (film):
3368, 3031, 2928, 2870, 1721, 1496, 1454; lH (CDC13 at 200
25 MH2z): d in PPM: 7.30 (s: 5 Har); 4.40 (s: CHz' Bzl); 4.06

(guint: Hj); 3.66 (s: CH,O,); 3.E2 (s: CH,0.); 3.15 (2 OH);

. q,f.‘_.

2.16 (m: ABX, Hy, + H,); 1.78 (m: ABX, H, + H,);%%c
(CDCl, at 50 MHz): d in PPM: 13B.%6: C.i 128.95: C_;
128.45: C; 128.25: C,; 71.01: CH,0,; 70.48: CH,0,; 69.43:
3 34.55: ¢ + C,.

7.28: C

30 CH,, Bzl; 69.00: C; 5

Anal. calculated fcr c13H1sOJ: € 70.25, H 8.168, ©

2'

21.60; found: C 70.09, ¥ 8.22, O 21.64.
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Ex}\.HPLE 3
oi,oi;-zsoprcpylidene-ethe: ¢l lz-benzyloxy=-3,3-bis-
hydroxymethyl-cyclobutane 3.
2,2-dimethoxyprcpane (19.9 ml, 162 mmoles) was slowly
5 added to a solution of 2 (12 g, 54 mmoles) and p-toluene-
sulfenic acid (1 g) in dimethylformamide (240 ml) (TLC
control: ethyl acetate; Rf = 0.18). The reac%tion was
stirred under argon at room temperature for 20 hours.
Ethyl acetate (500 ml) was then added to this reaction
10 mixture and the resulting solution was washed 4 times with
brine (4 x 150 nl). The organic phase was dried over
magnesium sulfate and evaporated to dryness to give 3,
13.7g, 6.5 % as a cclourless o0il which crystallized after
@ few days in the refrigerator. The crystals reguired no
15 further purification; MW = 262.350; MP = 54 - S6° C; I.R.
(f£ilm): 3419, 3030, 2997, 2955, 2922, 2866, 2350, 1728,
1606, 1584, 1497; *H (CDCl, at 200 MHz): d in PPM (J: Hz):
7.32 (s: 5 H,. ); 4.38 (s: CH,, Bzl); 4.02 (qguint: J = 6.5,
H1)7 3.70 (s: CH,O,); 3.67 (s: CH,0p) 7 2.19 (m: ABX, J =
20 13.5, 6.5, Hz: + H;a); 1.80 (m: ABX, J = 13.5, 6.5, sz-:—
Bep)i 1.37 (s: 2 CHy); *c (cDCl, at 50 MHz): & in PPM:
138.56: Cr; 128.93: Cm; 128.40: Co; 128.20: CP; ©8.17:
CiPr; 70.48: CH2037 70.42: CHZOb; 65.26: C17 68.S4: CHz,
Bzl; 36.54: C, + C,; 30.80: Cy7 24.04: 2 CHB.
25 Anal. calculated for CieFEg5205: C 73.25, H 8.45, O
18.30; found: C 72.10, H 8.56, O 18.60. :

EXAMPLE 4
Oi,Oil-lsoprcpylidene—ethe: of le-hydroxy-3,3-bis-
hydroxymethyl-cyclobutane 4.
30 Degussa palladium (2 g) in dimethoxvethane (250 ml)
was first placed under a hydrogen atmosphere, 3 (44 g, 168
mnoles) was then added neat. The reaction mixture was

shaken vigorously at room temperature under a hydrogen
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preésure of 1 ztmosphere until 1 eguivalent was abscrbed
(approxinately 1 hour). After filtratiocn 2f the catalyszt
over Hyflo, -the sclution was evaporated to Zryness to
afford 4 as 2 colcurless syrup, 23.1 g, 27 %; Cssxst: MW
5§ = 172.225; I.R. (f£ilm): 3336, 2930, 2873, 1712, 1i€52,
1465; 'H (CDCl; at 200 MHz): d in PPM: 4.20 (QUint: H,);
3.68 (s: CH,0,); 3.64 (s: CH)O.); 2.25 (m: ABX, Hy, + H .,
1.65 (m: ABX, Hy, + Hy 7 1.35 (st 2 CHy); 3¢ (cpci, at so
MHz): d in PPM: §B.22: Ciprs 70.50: CH, O,/ 68.79: CH,0,;

39.05: C, + C4; 30.00: C,; 24.02: 2 CH4

10 63.51: C,; 3

1!

EX2MPLE S
Oi,oi;-Iscp:opylidene-ethe: ci la-p=ftromo-bencene-
-sulfonyl-B,3-bis?hydroxymethyl-cyclobutane 5.
A mixture of 4 (65 g, 37.8 nmnoles) and triethylamine
15 (15.8 ml, 113.2 mmoles) in dichloromethane (150 ml) was
stirred under argon at 0° C. A solution of p-bromo-ben-
zenesulfonylchloride (11.57 g, 45.3 mmoles) in dichloro-
methane (50 ml) was slowly added at 0° C. The reaction
mixture was stirred for 60 hours at rocm temperature (TLC
20 contrecl: ethyl acetate/hexane = $/5; Rf = 0.5). Ethyl
acetate (400 ml) was added and the sclution washed 4 times
with brine (4 x 200 ml). The organic phase was dried over
magnesium sulfate and the solvent evaporated. The
obtained syrup was purified by flash chromategraphy (ethyl
- 25 acetate/hexane/triethylamine = 7/3/0.1 to 1/1/9.1) to
afford S5, 11.4 g, 77.2 % as colourless crystals; MW =
391.285; MP = 9¢ - 101° ¢; I.R. (KBr): 270, 2920, 2340,
1570, 1365, 1185; 'y (C0213 at 200 MHz): d in PPM (J in
Hz): 7.72 (m: 4 H,_); 4.84 (gquint.: J = 6.¢ H,); 3.67 (s:
30 CH,0,); 3.65 (s: CH,0,); 2.28 (m: ABX, K, + H,); 1.95 (m:
ABX, Hgy + Hg) 1.35 (s: 2 CHy); 13¢ (CDC1, at 50 MHz): d

in PPM: 126.43: C.: 132.18: Cpi 129.77: Co; 129.63: Cp;
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€7.¢8: C,; 2¢e.¢

1
-

Y

9g.39: C,,_; 72.11: CH,O_; €9.83: CH,O
; 23.80: 2 CH,

-
C2 + Cé; 31.52: C3
Anal. czlculated fcr C15H195r50=: C 4€.0Z, 5 4.50,

O 20.45, S 8.1, Br 20.42; found: C 46.09, H 5.03, 0O
5 20.32, § B.20, EBr 20.42.

EXAMPLE 6
oi,Oi;-Isopr:pylidene-ethe: of le-adenyl-3,3-bis-
hydroxymethyl-cyclobutane 6.
A mixture cf 5§ (20 g, 51.1 mmoles), adenine (20.72
10 g, 153.3 mmoles) and diazabicycloundecene (23 mnl, 23.34
mmoles) in dimethylsulfoxide (200 ml) were stirred under
argon at 80° C for 48 hours (TLC control: ethvl ace-
tate/methanol = §/2, Rf = 0.2¢; detection: 1) chlorine 2)
potassium icdide). Saturated sodium bicarbonate (200 ml)
15 and water (800 mnl) were added and the solution was
extracted 7 times with ethyl acetate (7 x 200 ml). The
collected organic fractions were washed with brine (200
ml), dried over sodiun sulfate and .purified by £flash
chromatograchy (ethyl acetzte/methanol/triethyl-amine =
20 95/5/0.1)to affcrd 6, 11.1 g, 75 % as cclourless crys=zals;
MW = 289.329; MP = 251° C after crystallization from
water/ethanol; I.R. (REr): 3480, 3420, 3180, 2990, 28%0,
2750, 1650, 1600, 1580, 1480; 1H (CDCl3 at 200 MHz): & in
PPM: 8.30 (s: H, .); 7.82 (st Hg,.); 5.60 (s: NH,); 4.95

v‘.f-;,!

25 (quint: H;); 3.80 (s: CH,O,); 3.87 (s: CH,0.); 2.53 (m:
ABX, H, + H(); 1.40 (s: 2 CHy); '*c (cpcl, at 50 MHz): d
in PPM: 1553.8: Csad; 182.2: C2ad; 149.4: C4ad; 128.8: Caad7

97.8: Cippi €8.89: CH,O_ ; 66.8: CH,Qp/ 44.2: Cyy

120.0: C
39.7: C3; 27 31.3: C.7 23.1: 2 CHB; U.V. (water, 0.5

30 x 1078 mole/l): 1 max in nn (e max): 205 (1%E€20), 258

Sad;
35.2: C

(13940) .

Anal. calculated for C1¢H19N502: C 58.12, H 6.62, N

24.21, 0 11.06; found: C 58.18, E 6.83, N 24.18, O 11.30.
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EXAMPLE 7

Of,Oi:-Isoprcpylidehe—ethsr of lp-thymidyl-3, 3-big-
hydrcxymethyl-cyclctutane 7 and 1,3-bis-(0.,C
pylidene-ether of 2,3-bis-hvdrzxymethyl-cvclobutyl;thvmine

S 8.
A mixture of S5 (20.26 g, 51.8 mmoles), thymine (26.1zZ

tn

g, 207.1 mmoles) and diazabicycloundecene (31 ml, 32.
mmoles) in dimethylsulfoxide (800 ml) were stirred under
argon at 80° C for 48 hours (TLC contrel: methanol/ethyl
10 acetate = 1/9; Rf = 0.52 and 0.48; detecticn: 1) chlerine
2) potassium iodide). Saturated sodium kticarbonate (200
ml) and water (800 ml) were added and the sclution was
extracted 7 times with ethyl acetate (7 x 220 ml). The
ccllected organic fractions were washed with brine (200
15 ml), dried over scdium sulfate and purified ky flash
chromatography (ethyl acetate/hexane/triethylanmine =
5/5/0.01 to 7/3/0.01) to afford fraction 1: Rf = 0.47
(nethanol/ethyl acetate = 1/9) compound 8, 3.85 g, 34.2
%; fracpion 2: Rf = 0.52 (methanol/ethyl acetate = 1/¢)
20 compound 7, 7.92 g, 54.6 %.
Oi,Oi;-Isop:cpylidene—ethe: of la-thymidyl-3,3-bis-
hydroxymethyl-cyclobutene 7:
raction 2; MW = 280.326; MP = 198 - 201° c; I.R.
(KBr): 3180, 3000, 2950, 2860, 16380; 1y (CDC13 at 200
25 MHz): d in PPM: 9.94 (s: NH); 7.07 (s: chy); 4.74 (quint:
H1)7 3.78 (s: CHan); 3.€69 (s: CH:Ob)? 2.36 (m: ABX, Hoa T
Hepa)i 1.29 (m: ABX, K,  + H,)o 1.78 (s: CH, thy) ' 1.35 (s:
B¢ (cpci, at 50 MEz): d in PPM: 164.71: CO;

«h

2 CHs);
151.60: CO; 137.13: Cgyy i 111.12: Cgy i 98.54: Cpp.
30 63.80: CH,0,; 67.60: CH,0.; 47.21: C;; 35.06: C, + C,;
31.66: Cy; 23.84: 2 CHy; 12.73: CE, th; U.V. (methanol,
0.5 x 107% mole/1): 1 max in nm: (e max): 209 (25200); 270

(18000).
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Anal. calculated for C1:.FE N0, C 58.828, E 7.19, N
10.00, O 22.83; found: C 59.64, K 7.22, N ©.71, O 22.tc5.

1,3-515-(05,oi;—isopropylidene-ethe: of Z,3-bis-
hydroxymethyl-cyclobutyl)-thymine 8.

5 Fraction 1; MW = 434.536; MP = 154 - 155° C: I.R.
(KBrj: 3000, 2940, 1610, 1370; IE (CDCl3 &t 200 MHz): @ in
PPM: 7.90 (s: thy); $.25 (quint: Hy); £.07 (guint: H;);
3.70 (s: 4 CH,0); 2.42 (m: AB¥X, 4 H, Hza + Hda); l1.28 (m:
ABX, 4 H, sz + ch); 1.78 (s: CH, tby); 1.35 (s: 4 CH,);

10 '3c (cpcl, at 50 MHz): & in PPM: 166.69: CO; 163.26: CO;
157.93:‘ CSthy; 112.58: CStby; 98.16: C;pps 98.11: Cipcs
68.78: cazo‘; 68.72: CH2037 €7.70: cazob; 67.64: CHzob;
53.60: Cl; 26.77: C27 36.72: C.; 31.87: Cy; 21.29: Cy

P

23.98: 2 CHy; 12.06: CH, thy.’ U.V. (methanol, 0.5 x 10~

15 mole/l): 1 max in nm: (e max) : 215 (5520); 265 (3940).
Anal. calculated for CogH4a N0, C 63.57, H 7.89, N

6.45, 0 22.09; found: C 63.76, H 7.77, N 6.46, 0O 22.12.

EXAMPLE 8
la-Adenyl-3,3-bis-hydrcxymethyl-cyclobutane 9.

20 10 Drops of agueous 2M hydrochloric acid were added
at room temperature to a solution of 6 (1.0% c, 2.77
mmoles) in dioxane (5 ml). The solution was stirred feor
) 1 hour, evapcrated to dryness and crystallized from water.
-5 The crystals obtained were nst pure as shown by TLC
25 (chloroform/methancl/water = 70/30/%), therefére the

mixture of 9 and sodium chloride was purified by flash
chromatography (eluent: chlercforn/methanol/water = 93/6/1
to 70/30/5). 9, 650 mg, 70 % was obtazined as colourless
crysials; MW = 249.275; MP = 217 - 218° C; I.R. (film):
30 3304, 3145, 2993, 2856, 1672, 1603, 15859; 1H (CDBOD at 200
MHz): d in PPM: §.05 (s: H,,,); 7.85 (s: Hgaa): 4-80
(guint: Hl); J.4E (s: CHZOa); 3.42 (s: cazob); 2.35 (m: Hz
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+ Hp)j
143.97: Caad; 70.40: cazoa; €c.52: CHZOb; 48.27:¢ Cl; 43.64:
CJ; 37.12: C2 - C47 U.vV. (water, 0.5 x 107% mole/l): 1 max

*3c (cDo,0D at 50 MHz): d in FPM: 15€.67: Copal

in nm (e max) : 194 (21200); 206 (21600); 262 (13780)
Anal. calculated for Cy1H,cNg0,: € 52.00, E 6.07, N

wm

28.10, 0 12.84; found: C 53.05, H 6.29, N 27.87, O 12.7z1.

EXAMPLE 9
1,3-Bis=-(3,3-bis-hydroxymethyl-cyciobutyl)-thymire
10.

10 10 Drops of agueous 2M hydrochloric acid were zdded
at room temperature to 2 solution of 8 (1.48 g, 3.41
mmoles) in diexane (5 ml). Analogous to the procedure for
compound 9, 10 (846 mg, 70 %) was obtained as colburless
crystals; MW = 240.261; MP = 128 - 130° ¢; IR (film):

15 3346, 2934, 2870, 1604, 1575, 1435, 1329, 1293; 4 (CDBOD
at 2od MHz): d in PPM: 7.70 (s: chy); 5.05 (guint: Hy);
4.87 (guint: H1)7 3.44 (s: CHzoa); 3.42 (s: CH203)7 3.38
(s: CH,0,); 3.36 (s: CH,O.); 2.15 (m: Ho, + H )i 1.78 (m:
Hy + Hgp )i 1.76 (s: CHy . ); '3c (€D,0D at 50 MEz): d in

20 PPM: 173.87: CO; 167.06: CO; 161.08: CStby; 115.45: CSthy;

72.27: CH,C, ;¢ 71.59: CHZOb; 70.05: C,: €9.97: Cl,‘ 42.87:

CJ; 42.66: CJ; 38.34: C2 + Cé; Jg.1l¢9: C2 + Cq; 15.€2: CH3
thy; U.v. (water, 0.5 x 10'f molefl): 1 mex in nm (e max):

5 268 (9640).
25 Anal. calculate?d fcr Cl,HzeNzosz C 57.61, H 7.29, N

7.90, 0 27.09; found: C 57.24, H 7.38, N 7.89, 0 27.12.

EXAMPLE 10
le-Thymidyl-3,3-bis-hycrocxymethyl-cyclcbutane 11.
10 Dfops cf agueous 2M hvcrochloric acid were added
30 at room temperature to 2 solution of 7 (1.05 ¢, 3.73
mmoles) in dioxane (5 ml). Analogous to the procedure for

compound 10, 11 (700 mg, 78 %) was obtained as colourless
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crystals; MW = 354.406; MP = 207 - 208° C; Rf = 0.23,
methanol/ethyl acetate = 1/8; I.R. (KBr): 3170, 204
2990, 2950, 2870, 1650, 1660; 12 (CD,0D 2t 400 Miz): & in
PPM (J: Hz): 7.33 (q: Hypy) i 4.72 (qQuint: 3: &.5, H,);
S 3.47 (s: CH,0,); 3.37 (s: CH,0.): 2.07 (2: J: 8.3, E, -

. ; 13, .
Hy) i 1.78 (s: CHy ,,0; **C (CD,OD 2t 50 MHz): ¢ in Pom
176: CO; 167: CO; 142.29: CH ; 70.45: CH,0,; 65.84:

CH,0,; 49.68: C,; 43.2: Cy; 35.77: C, + C,7 16.27: CE3 thy’

U.v. (water, 0.5 x 107% mole/l): 1 max in nm (e nmax): 211

10 (8840); 274 (10520).
Anal. calculated for C;1H gN,0,.: C 54.89, H 6.71, N
11.66, 0 26.64; found: C 54.86, H 6.74, N 11.65, C 2€.56.

EXAMPLE 11
la~Thymidyl-38-hydroxymethyl-3c-methoxytritylcxy-
15 methyl-cyclo-butane 12 and la-thymidyl-3a-hydroxymethyl-
38-methoxytrityloxymethyl-cyclotutane 13.

11 (314 mg, 1.307 mmoles) was evaporated 3 times with
pyridine (3 x 10 ml). Methoxytritylchloride (215.5 ng,
1.03 mmoles) was added under argon to a sclution cf 11 in

20 pyfidine (10 ml). The reacticn was stirred at room
temperature for 8 hours (TLC control: ethyl acetate/hexane
= 8/2). More methoxytritylchleride (100 mg, 0.32 =moles)
was added in two portions after 5 hours. The reaczion
mixture was stirred 15 hours zt roonm temperature. Five

és spots were visible on TLC (chloroform/methanol/triethyl-
amine = 95/5/1; spot 1: Rf = 0.95, degradation product of

.d.rf,f

methoxytritylchloride; spot 2: Rf = 0.95, bis-methoxy-
trityl-derivative; spot 3: Rf = 0.40, compound 12; spot
4: Rf = 0.35, compound 13; spct S: Rf = 0.05, unreacted
30 diol 11. oOther experiments have shown that adding more
methoxytritylchloride did not diminish the amount cf
unreacted diol 11 but increased the amount of bis-methoxy-

trityl-derivative. Sodiur bicartonate (10 ml, M) was
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added, the solution extracted 4 times wizh ethyl acetazte

(4 x 20 ml) and the organic phase &ried cver sodiunm

sulfate. These products were separated by flash chro-

matography (eluent: chiorc-form/acetone/triethylanine

\D

5 99/1/1 slowly to 80/20/1) to give fractien 1: 70 =g (8.
%), fraction 2, 12: 234 ng (34.9 %); fraction 3, 13: 23:
mg (41.9 %); fraction 4, 11: 20 mg (6.4 %).

1a-Thymidyl-3,3-bis-methbxytrityloxymethyl-cyclo-
butane: Cg,HygN,0,: MW = 784.954; fraction 1; Rf = 0.¢5,
10 chloroform/methanol/triethylamine = ¢€5/5/1 ; 70 g (&.¢
%). »
la-Thymidyl-38-hydroxymethyl-2a-methoxytrityloxy-
methyl-cyclobutane 12:
Fracticn 2; Rf = 0.40, chloroform/methanol/triethyl-
15 amine = 95/5/1; 234 mg (34.9 %); MW = 512.608; MP = 126°
¢; W (CDCl, at 400 MHz): d in PPM (J: Hz): B.25 (s: NH);
7.43 (m: 4 Hu_); 7.31 (dd: 6 Har); 7.25 (m: 2 H 7.13
(g: T = 1.5; thy); 6.85 (d: 2 Har); 4.94 (guint: J: 9.0;
HI); 3.78 (s: CHBO); 3.72 (d: J: 4.5; CH20H); 3.24 (s:
20 CH,OTrOMe); 2.31 (ddd: ABX J: 3.0, 9.0, 11.0; Hy, = Hg) s
2.10 (ddd: ABX J: 3.0, 9.0, 10.2: sz + qu); 2.0 (t: J:
4.5; OH); 1.72 (d: J: 1.5; CHy,, ); 'H (CDCl, at 400 MHz)

az! ’

NOE experiments: Irradiation on H,;: positive NOE on CH,OH,
Hyp + H,, and no effect on H,, + H, ; 1lrradiation on CH,OH:

"25 positive NOE on H, and H,, + H, ; irradiation on CH,OTrOMe:

ositive NOE on CH.OH, H.. + H and no effect on H,;
P 2 2a 4a _ 1
: : : - . N N 1 . i

irradiation on H,, + H,,: positive NOE on Koy + Hypo

CH,OTrOMe and no effect cn H17 irradization on sz + ch:

v ‘.fv;.!

positive NOE on E,, + H,, Hy, CH,07 and no effect on

4 mole/l): 1 max in nm

30 CH,O0TrOMe; U.V. (methanol, 0.5 x 10~
(e max): 274 (10720) FEB-MS: 513 = MH"; 535 = M + Na; 435
= M - Ph; 273 = MeOTr*; 241 = M - TrOMe': 195 = MeOTr -

-

Ph™; 165 = MeOTr - PhOMe”; 127 = Thy + H'
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Anal. calcuizted for C31H:2N205 - 0.42 H
E 6.36, N 5.29, 0 16.€7; feuns: ¢ 71.53, H €.37, N 5.46,

0 16.72. _
la-Thymidyl-3c—hydrcxymethyl-EB-methoxytrityl:xy-

S5 methyl-cyclobutane 13:

Fraction 2: Rf = 0.35, chlcrofcrm/msthanol/triethyl-
amine = 95/5/1; 281 mg (41.9 %); MW = 512.€08; MD = 120°
c; *H (CDCly at 400 MHz): @ in PPM (J: Hz): §.25 (s: NH):
7.43 (m: 4 H,.); 7.3€6 (g: J = 1.5; chy); 7.31 (m: 6 Har);
10 7.23 (m: 2 Har); 6.86 (m: 2 Har); 4.81 (quint: J = 8.5;
H1)7 3.82 (s: CH,0); 3.64 (d: J = 3.5; CH,OH); 3.26 (s:
CH,0TrOMe); 2.28 (m: A,X; Hy + H.); 2.06 (t: J = 3.7; OH);
1.94 (d: J = 1.5; CH lH (CDCJ.3 at 400 MHz) NOE

3 thyl)i
experiments: irradiation on H,: positive NOE on CH,OTroMe

15 and H, + H,; irradiation on CH,OH: positive NOE on CH,0-
TrOMe, Hy + H, and no effect on Hy; irradiation on CH,0-
TrOMe: positive NOE cn Hl‘ H, + H; and CH,CH; U.V. (methan-
©l, 0.5 x 107 mole/l): 1 max in nm (e max): 274 (10740) ;
FAB-MS: 513 = M + H*; 535 = M + Na; 435 = M - Ph; 241 = M

20 - TroMe; 273 = MeOTr™; 241 = M - TrOMe*; 195 = MeOTr -
Ph*; 165 = MeOTr - PhOMe®; 127 = Thy + H'.

Anal. calculated for C3,H;,N,0, + 0.50 H0: C 71.:z¢,
H 6.33, N 5.37, 0 16.87; found: C 71.26, H 6.48 N 5.44,
O 16.65.

.

25 EXAMPLE 12
Oi,oi;-Isopropylidene-sther of lc=(N,N-diktenzoyl-
adenyl)-3,3-bis-Lydroxymethyl-cyclobutane 16:
A pyridine solution of 6 (707 mg, 2.44 mnoles) was
evaporated 3 times to dryness (3 x 15 ml). Benzcyl
30 chloride (700 ml, 6.02 mmoles) was added neat dropwise to
a solution of € in pyridine (5 ml). The reaction mixture

was sticred 15 hours at room tenperature (TLC contrel:
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methancl/ethy! 2cetate = 2z/8, Rf = 0.53). Water (20 nl)
was added and the soluticn extractesd twice with ethyl
acetate (2 x 40 rl). - The orcanic phase was dried over
sodium sulfate and evaporated to dryness. The compcund
5 was crystallized from chlercfcrn/methanol to affecrs 16
(1.205 g, 99 %) as colourless CIystals; MW = 454.533; MP
= 221 - 222° C after crystallization frcm chloro-
form/methanol; I.R®. (KBr): 2060, 2950, 2520, 2850, 1700,
1600; 8 (CDCl; at 200 MHz): & in PPM: §.64 (s: Kopa)i 8.08
10 (s: Haad); 7.85 (4: HoPhCO); 7.48 (t: Hp!mco)7 7.33 (m: H
prco) i 5:03 (quint: Hj): 3.82 (s: 2 CH,0); 2.63 (d: H,
He); 1.42 (s: 2 cHy); *Pc (cDCl, at 50 MHz): d in PPM:

-3
-+

172.94: CoO ,; 164.00: Cead; 152.43: Czad; 144.135: Caad;
141.80: Cdad; 134.64: Cr PhCO’ 135.0¢: Cp PhCO’ 133.52: Cp
15 Phco/ 130.66: Co preo’ 130.02: C° Phco’ 129.24: Ca Phco’

128.85: Ca Phco’ 112.80: Cgaar 98.56: Ciprs €9.90: CHZO‘;

€7.79: cuzob; 55.02: C,7 45.83: C,; 32.24: C

3 5.80: C
24.01: CI—:3 ; U.V. (methanol, 0.5 x

3 2¢ 4t

10°¢ mele/l): 1 max in
nm (e max): 249 (21700).

20 Anal. calculated for CzkH24N504: C 67.59, H 5.47, N

14.03, 0 12.86, found: C 67.60, K 5.50, N 15.10, 0 12.90.

EXAMPLE 13
Oi,Oi;-Isop:opylidene-ethercflc-(N-benzoyl-adenyl)-

3,3-bis-hydrcxymethyl-cyclobutane 17:

’ 1.’-"!

25 Concertrated ammoria (3 ml, 25 %) was added dfopwise
to a solution cf 16 (718 mg, 1.47 mmoles) in THF (7.3 ml)
and water (1.5 ml). The reacticn mixture was stirred ¢
hours at room temperature (TLC contrel): 4 spots were
visible: spot 1: Rf = 0.46, ethyl acetate; Rf = 0.54,

30 ethyl acetate/methancol = 9/1,'PhCONH2; spot 2: Rf = 0.36,
ethyl acetate; Rf = 0.45, ethyl acetate/methanol = 9/1,
compound 16; spot 3: Rf = 0,10, ethyl acetate; Rf = 0.42,
ethyl acetate/methanocl = 9/1, compound 17; spot 4: Rf =
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0.02, ethyl acezate; Rf = 0.26, ethyl acetate ;methanc} =
9/1, PhCOO'NH,,. Water (20 ml) was added and the soluticn
extracted 4 times with ethyl acezate (2 x 40 ml). The
organic phase was dried over sodium sulfate and evacorated
5 to dryness. These compounds weare separated by flash
chromatography (eluent: ethyl acetate/hexane = 5/ to
ethyl acetate/methanol = &8/2); MW = 393.448; - M = 180 -
182° c after crystallization from ethyl acetate/hexane;
I.R. (film): 3500 - 3100, 2991, 2941, 2856, 1695, 1613;
10 'H (CDC1, at 200 MHz): d in PPM: 9.75 (s: NH); 8.23 (s:
HZad)7 B.08 (s: Hsad); 8.02.(d: Ho Pbco); 7.48 (m: HP PLCO
+ Hp phco) i 5-02 (quint: Hy)7 3.43 (s: 2 CH,0); 2.57 (d: K,
+ Hy)i 1.47 (s: 2 cHy); e (CDCl, at 50 MHz): & in FPM:
1€5.84: C=0; 152.54: CZad; 152.37: Csad; 120.26: ¢

4ad’

15 142.17: caad; 134.15: Cr PhCO’ 132.94: Cp PhCD/ 128.95: Cn
Phco’ 128.55: <. Pheo /¢ 123.91: Cs;d; ©8.45: CiPr; 69.71:
CH20.; €7.76: CHZOb; 62.64: Cl; 45.71: CJ; 35.88: Cz;

32.26: Cg; 24.01: CHy; U.V. (methancl, 0.5 x 10~ mole/1):

1 max in nm: (e max): 281 (20180).
20 Anal. calculated for Ca1H,3Ng04: C 64.11, H 5.89, N

17.80, O 12.20; found: C 64.07, H 6.04, N 17.33, 0O 12.47

EXAMPLE 14
la-(N,N-Dibenzoyl-adenyl)-Ba-hydroxymethyl-JB-
methoxytrityloxymethyl-cyclecbutane 19 and 1la-(N,N-di-
25 benzoyl-adenyl)-3B—hyd:oxymethyl-3a-methcxytrifyloxy-
methyl-cyclobutane 20:
Agueous é4M hydrochloric acid (10 drops) was added to

a solution of 16 (20%.5 mg, 0.421 mmoles) in dioxane (S
ml). The reacticn mixture was stirred at room temperature
30 <for 5 hours (TLC control: dichloromethane/methanol = 9/1)
and neutralized with pyridine. This compound 18, la=-(N,N-
dibenzoyl-adenyl)-3,3-bis-hydroxymethyl-cyclobutane, was

not stable and could not be stored in the refrigerater.
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Firsz a pyridine solution of 18 was evapcrated 3 time
dryness (3 x 10 ml), then methoxytritylchicride (120 ng,
0.421 rmole) was added in one portion to the pyricdine
solution (5 ml) of 18 in the presence of cimetrylaninoe~
5 pyridine (20 mg). The reaction mixture was cstirred 153

hours at roem temperature (TLC cortrol: 2 runs with 2

]

different solvents 1: tertiobutyl-methylether/hexane
20/80; 2.: tertiobutylmethylether/ethanol = 80/20) Five
spots were visible on TLC: spot 1, Rf = 0.61, degrazdaticn
10 product of methoxytritylchloride; spot 2, Rf = 0.48, his-
methoxytrityl-derivative; spot 3, Rf = 0.44, nethoxy-~
trityl-derivative; spot 4, Rf = 0.39, methoxytrizyl-
derivative; spot 5, Rf = 0.2, unreacted diol. Water (20
ml), sodium bicarborate (1M, 20 ml) and ethyl acetazte (50
15 ml) were added. The agueous phase was extracted 3 more
times with ethyl acetate (3 x 50 ml), dried over sodiun
sulfate and evaporated to dryness. These compounds were
separated by flash chromatography (eluent: Tertiobutyl-
methylether/hexane = 2/8 to tertiobutylmethylether/meth-
20 anol: = 2/8) to give fraction 1: Rf = 0.48, 40 mg, 9.5 %;
fraction 2: Rf = 0.44, compound 19, 46 mg, 15.0 %;
fraction 3: Rf = 0.39, compound 20, 46 mg, 15.0 %;

o\®

fraction 4: Rf = 0.21, compourd 18, 30 mz, 14.3
la—{N,N—Dibenzcyl-adenyl)-3,j-bis—methcxyt:i:yloxy-

25 nmethyl-cyclobutane:
Fraction 1, C.H.N.O, MW = 1002.185; 'H (CDCl, at 200

".f.:‘!

MHz): & in PPM: 8.62 (s: HZad); 8.22 (s: Eaad); 7.85 (m:
}% PhCo); 7.50 ->7.20 (m: 20 Har); €.82 (m: 4 Har); $£.56
(gquint: Hl); 3.7 (s: CHBO); 3.72 (s: CHBO); .25 (s:
30 CHZOa); 3.30 (s: CHzoz:); 2.50 (m A2X: Hz + Ha).
1a-(N,N-Dibenzoyl-adenyl)-3a-hydroxymethyl-36-
methoxytrityloxymethyl-cyclztvzane 19:
3 . = . .1 -
-Fractien 2, CistiyglgO, s MW = 729:83g; °“H (CDCl, at
200 MHz): d in PPM: B.63 (s: H, ,); 8.24 (s: Hpaa) i 7-85
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7.30 =>7.20 (=: 13 E ), €.82 (m: 2 Ha:); 5§.¢:2

(m: 4 Har); ‘ar

(quint: H1); 3.80 (s: CHyO0); 3.70 (s: CHZOH); 3.30 (s:
CHonrOMe); 2.80 (m ABX: E,, * an); 2.80 (o ABX: H,, -
e7:

Hg); *°C (cpcl, at S50 MHz): d in PPM: 172. 2 co;
5 159.30: Cena’ 183.7¢: Cp PLOMe ’ 152.34‘: Coaar 132.27: Ceaa’

144.66: Caad; 144.31:C: PR’ 135.78: C._ PROMe 134.€35: C:

Phep’ 133.48: CP PhCO’ 130.84: C PhoMe s +30.00: Co Prco’

128.23: Ca Pneo’ 128.87: C_ Ph’ 128.51: Cc> PR’ 127.65: Cp Ph’

113.82: CSad; 113.75: Cm PhOMe ’ 68.55: CHZOa ; 67.62: cz-:zob;
10 £5.58: C17 45.94: Cs; 38.44: C2; 34.39: Cq.

la-(N,N-Dibenzoyl-adenyl)-38-hydroxymethyl-3a-
methoxytrityloxymethyl-cyclcbutane 20:

. Y _ . . 1
Fracticn 3, C45H39N505' MW = 725:838; "H (CDCl3 at 200

MHz): d in PPM: 8.55 (s: Hy.4) 7 8.04 (s: Hgag) i 7.87 (m:

15 4 H,.,; 7.50 ->7.20 (m: 18 H 6.80 (m: 2 H__); 5.06

(quint: Hl); 3.80 (s: CHZOH); 3.76 (s: CH30); 3.46 (s:

ar) i
CHonrOMe); 2.55 (m AX: Ez + H,) .

EXAMPLE 15
la- (N-Benzoyl-adenyl)-3,3-bis-hydroxymethyl-cyclo-
20 butane 21.
Agueous 4M hy-drochloric acid (200 ml) was acdded to
a solution of 17 (1.00 g, 2.54 mmoles) in dioxane (10 ml)
and water (1 ml). This mixture was stirrsd at room
» temperature for 5 hours (TLC contrcl: ethyl acetate/meth-
25 anol = 7/3), after the reaction was complete the solution

n‘.’flg

was neutralized with solid sodium bicarbonate and evapo-
rated to dryness. The obtained o0il was purified by flash
chromatography (eluent: ethyl acetate to ethyl ace-
tate/methanol = 8/2) to afferd 21 (700 mg, 78 %) as
30 colourless crystals. This compound was not very stable
and could not be stored in the freezer for a longer time;

C,gH,;oN.O MW = 353.383; 1y (CD,OD at 200 MHz): d in PPM:

187195%3 ¢
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9.00 (s: Hzad); B.70 (s: He,4)i 7.80 (c: .‘-Zc P!‘.CD)’. 7.85 (d4é:
HP Phco); 7.2 (t: Hn Phco); 5.0 (guint :1" 3.70 (s
. N TN 1 -~ ~
CH,0,); 2.58 (s: CH,0.); 2.50 (d: H, + H,j; '°c (cp,00 a:

2
50 MHz): d in PPM: 171.80: CQ; 154.22: CS‘d; 152.532;: Coaai
5 149.14: Ceaaq/ 146.58: Caad; 136.87: C_ ppeot 122.81: Cp PhCO;

131.€2: Cn PhCO’ 131.C3: Co prco¢ 120.81: CSad; 67.88: C}izoa;
66.55: CH2°b7 £8.54: C17 41.85: C3; 34.88: C2 + Ca'
EXAMPLE 16

la-(N—Benzoyl-adenyl)-3a-bydroxymethyl-BB-methcxy-

10 trityloxymethyl-cyclobutane 22 and lo~(N-benzoyl-adenyl)-
3B-hydroxymethyl-2c-methoxytrityloxymethyl-cyclobutane 23:
Methoxytritylchleride (481 mg, 1.56 mmeles) was added

under argon in 100 mg portions every 2 hours to a solution

of 17 (500 mg, 1.41 mmoles) in pyridine (5 ml) in the

15 presence of dimethylaminopyridine (100 mg). The reaction
mixture was stirred at room temperature for 15 hours (TLC
control: ethyl acetate/methancl = 8/2) Five spots were
visible on TLC: spot 1: Rf = 0.95, degradation product of
methoxytrityl-chloride; spot 2: Rf = 0.80, bis-methoxy-

20 trityl-derivative; spot 3: Rf = 0.40, methoxytrityl-
derivative; spot 4: Rf = 0.35, methoxytrityl-derivative;
spot S: Rf = 0.10, unreacted dicl. Two more additicns of
methoxytritylchloride (2 x 100 mg) did not show further
reaction. Water (1 ml) was added, the solution extracted

- 25 6 times with ethyl acetate (6 x 15 ml), dried over sodiunm
sulfate and evaporated to dryness. The mixture was
separated by flash chromatography (eluent: ethyl ace-
tate/hexane = 1/1 to ethyl acetate/methanol = 7/3) to
afford: fracticn 1: 100 mg, 8 % bis-methoxytrityl-deriv-

30 ative; fraction 2: 240 mg, 27 % methoxytrityl-B-derivative
22; fraction 3: €0 mg, 9 % metheoxytrityl-c-derivative 23;

fraction 4: 50 mg, 10 % unreacted diol 17.
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~ la=(N-Benzcvi-adenyl)-3,Z=bis-methcxytrityloxvmethyl-
cyclobutane:

Fraction 1, C. E.,N,O,, MV = 874.054; “H (CDCl, at 200

MHz): & in PPM: S.853 (s: NH); E.70 (s: E y; 8.05 (Zg: 2

4
HAr); 7.95 (s: Hg.g)7 7.45 (m: 10 Har); 7.23 (m: 17 E

& )
sr’’
6.85 (m: 4 H, ), 4.95 (guinz: E;); 3.75 (s: 2 CH,O),; 2.47
(s: CH,0,); 3.42 (s: CH,0,); 2.55 (m: H, + H,).
la- (N-Benzoyl-adenyl)~2c-hydroxymethyl-33-methexy-
rityloxymethyl-cyclobutane 22:
10 Fraction 2, MP = 19%4° C; I.R. (film): 23%€, 2935,

1700, 1611, 1561, 1508, 1453; lE (CDCl, at 360 MHz): & in
PPM: 9.10 (s: NH); .78 (s: H2ad); 8.12 (s: Haad)7 €.05 (=2:
H Phco); 7.€1 (%T: Hp poco) ¢ 7:53 (t: 2 Har); 7.49 (Eé: 4
H_r); 7.38 -> 7.25 (m: 8 H__ ), 6.90 (g&: E_ poome’ s &-S8
15 (guint: H;); 3.83 (s: CH;0); 3.76 (s: CH,OH); 3.32 (s:
CHonrOMe); 2.90 (m: AEBX, H2a + Hg,)i 2.52 (m: ABX, Hyy +
H“b); 13C (CDCl: at 50 MHz): & in PPM: 165.29: CO; 159.16:
(o 152.61: C,_,; 152.55: C 150.80: C, ,; 144.71:
CBad; 142.65: Cr Ph; r PbOHe; 134.16: Cr Phco
20 133.20: C_ ppeqi 130.95: Cp pyeqi 129.28: C pyeqi 128.88:
C 128.44: C + C 127.£8: C 123.50: C

m Ph’ o Ph o PhOMe’ p Pn’

113.71: C_ ppoyes €7-77: CH,0, ; 67.29: CH,0.; L

45.36: Cy; 39.32:0 Cy 5 23.68: C 5 Yy (CDCl3 at 360 MHz) NOE

P PbOMe;
135.70: C

sad;

S5ad;
55.77: C

experiments: irradiation on H,: positive NCE on CH_OTrOMe,
25 H + H

2b éb’ Hﬂad )
CH,O0TrOMe: positive NOE on CH,OH and on H;; U.V. (ethancl,

anéd no effect on CH,OH, irradiation on

'O.fff

0.5 x 107¢ mole/l): 1 max in nm (e max): 231 (22740),; Zz&1l
(17060); C37H35N504: Mw: 625.730. FAB-MS: £z6 = M}'l?; £22 =
M - PhCO; 352 = M - TrOMe,; 273 = MeOTr‘; 240 = PhCONH-AZH-

+

30
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lo~(N-Benzcyl-adenyl)-3L-hydrcxymethiyl-3e-nethoxy-
trityloxymethyl-cveclcbotane 23:

Fraction 3, MP = 112° ¢; 'H (CDCI, at 360 MHz): d in

PPM: 9.16 (s: NHE); .73 (s: Hzad)7 8§.05 (4: HcPhCO); 7.68

5 (s: HSad); 7.47 -> 7.15 (m: 13 Har); €6.87 (&: Hm PhOMe);

5.3x0 (guinz: Hl); 3.85 (s: CHzoﬁ); 3.72 (s: CHEO); 3.33

(s: CH,0TroMe); 2.53 (d: H, + H,); **c (CDCl, 2t 50 MHz):

d in PPM: 1€5.30: CO; 159.12: céad'. 150.8¢0C: C:ad; 180.450:

Cp PhOMe ’ 148.00: Céad; 142.05: Caad; 135.83: Cr PhOMe
10 134.29: Cr PBCO’ 153.13: Cp pncp’ 13C.81: Cm Phco’ 129.1S:
Co PhCo’ 128.E¢9: Cm Ph’ 128.54: Con; 128.43: Co PhOMe /
127.58: Cp Pb’ 123.52: CSad; 113.70: Cm PhomMe/ ©OB8-.82:
CH,O.,; 67.1%: CH,O,; 5E.72: C,; 45.77: C;; 38.¢5: Cas
34.53: C4; 1H (CDCl3 at 360 MHZ) NOE experiments: irradiz-

15 tion on H;: positive NOE on CH,OH, H, + H, H;,q4 and no
effect on CH,O0TrOMe; irradiation on CH,O0TrOMe: positive
NOE on CH,OH, H, + H, and no effect on H;, irradiation on
CH,OH: positive NOE on CH,O0TrOMe, H, + H,, OH and H;, U.V.
(ethanol, 0.5 x 107¢ mole/l): 1 max in nm (e max): 230
20 (24880); 281 (18040); C37H35N504, MW = 625.730, FAB-MS: 626
=MH *; 522 = M - PhCO; 352 = M - TrOMe; 273 = MeOTr*; 240

PhCONH-2dH"*.

EXAMFLE 17
le=(N-Benzoyl-adenyl)-3c-hydrcxymethyl-25~-methoxy~

-4.’-{5

25 trityloxymethyl-cyclobutane 22:
Concentrated agueous ammonia (200 ml) was added to
a solution of 19 (200 mg, 0.274 mmole) in tetrahydrofuran
(2 ml) and water (500 ml). This mixture was stirred at
room temperature for 5 hours (TLC control: ethyl ace-
30 tate/methanol = 8/2) and evaporated to dryness. The
obtained oil was purified by flash chromatography (eluent:

GP 855976

SUBSTITUTE SHEET

e




WO 94/19023 PCT/US93/01579
- 47 -

ethyl acerate to ethvl acetate/methancl = 7/3) o affcrsd

100 mg, 53 % cf colcurless crystals.

EXAMPLE 18
la- (N-Benzoyl-adenyl)-35-hydroxymethyl-3e-methoxy-
5 trityloxymethyl-cyclobutane 23:
Analogous to the procedure for 22, 20 (200 mg, 0.274
mmole) afforded 23 (100 mg, 59 %) as colourless crys:tals.

EXAMPLE 19
la-3enzyloxy,3-bis-carboxy-cyclobutane 26:

10 4M agueous potassium hydroxide (77.4 ml, 309.6
mmcles) was added to a soluticn of 4 (23.71 g, 77.39
mmoles) in water (57 ml) and ethaneol (171 ml). The
reaction mixture was stirred at reflux fer 5 hours and
evaporated to dryness. The residue (approximately 21 g)

15 was brought to p; = 3 with 2M agqueous hydrochloric acid
(approximately 160 ml). thyl acetate (150 ml) was added
and the aqueous phase extracted 4 times with ethyl acetate
{4 x 150 ml). The organic phase was dried over sodiunm
sulfate and evaporated to dryness. The oily residue was

20 twice evapcrated with toluene (2 x 100 ml), the diacid 26
crystallized; C,3E,;05; MW = 250.254, yellow crystals, MP
= 160 - 162° C; I.R. (£ilm): 3470, 2526, 2856, 1728, 1497,
1453; '1 (DMSO at 200 MHz): d in PPM: 7.32 (s: 5 H,_.);

e 4.98 (s: COOH); 4.45 (s: CH,, B2l); 4.15 (guint: Hy)i 2.75
25 (m: RBX, H, + H.); 2.45 (m: ABX, H, + H,); C (DMSO at
50 MHz): d in FPM: 176.10: CO; 175.60: CO; 135.7s8: c.;
12¢8.72: Co; 129.66: Cm; 129.33: CP; 71.49: C,; 68.33: CHz,
39.08: C

Bzl; 47.25: C + Cq.

3 2
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EXAMPLE 20
la~Zenzylcxy-3a-carboxy-cyclctutane 27 cis and lc-
benzyloxy-356-carboxy-cyclaobutane 27 trans:

The diacid 26 was decarboxylated in a kugelrchr

v
[
e

-

5 distillation agparatus at 2315° € and 0.4 Torr. A
mixture of the two monoacids 27 cis anrd 27 trans wzs
obtained. At this stage both isomers coulsd not be
separated by flash chromatography (1 spot on TLC for toth
compounds: chlorofcrm/methanol/water = €5/30/5): 27 cis

10 + 27 trans: 14.69 g, 88.6 % starting from diester 4;
C14H1‘02: MW: 214.2€5; I.R. (film): 3200, 2926, 2854, 235¢,
1732, 1603, 1496, 1454; 'H (CDC1l, at 200 MHz): d in PPM:
11.40 (s: COOH), 7.35 (s: 5 H 4.45 (s: CHI, Bzl); 4.35%
(quint: H,); 3.98 (quint: Hy); 3.10 (m: Ey); 2.68 (m: Hy):
15 2.55 (m: ABX, H,, + H.); 2.35 (n: ABX, H, = H,) s e
(CDCl3 at 50 MHz): 4 in PPM: 182.85: CO; 181.13: cCO;
138.51: Cr; 138.45: Cr; 129.00: Co; 128.45: Cn; 128.33: Cp;

71.78: C,; 70.70: CHZ' Bzl; 70.52: CHz, Bzl; 68.78: Cl;

ar)/

xl
34.24: Cz; 34.13: C27 J3.60: Cd; 33.46: Ca; J1.¢85: C3;
20 29.56: C:'
EXAMPLE 21

la-Zenzylcxy-cyclcbutane-3e~carboxvlic acid chloride

28 cis and la-benzyloxy-cvclobutane-3B8-carboxylic acid
chloricde 28 trans:

25 Neat oxalyl chloride (42.3 ml, 485 nmnoles) was added

slowly over 1 hour at 0° C to a solution of 27 cis + 27

,.f;",

trans (28.61g, 133.5 mmoles) in carbon tetrachloride (230
ml). The reaction started immediately with evolution of
CO,. The mixture was stirred 1 hour a2t 0° C and 12 hours
30 at room temperature. This solution was evaporated to
dryness to afford a 1:1 mixture of 28 cis + 28 trans:
31.13 g, 95.5 %; CIZHIBCIOZ; MW = 235.363; 'y (CDCl3 at 200

MHz): d in PPM: 7.235 (s: 5 H, -)i 4.38 (s: CH,, Bzl); 4.42
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(s _CHJ, Bzl),; 4.22 (guint: Hl); 3.88 ({guint: H1)7 Z.5%

(m: HB)7 3.08 (m: Hs); 2.685 (m: 2BX, H:a + Hda); 2.33 (m:

ABX, H,, + Hg,)i 3¢ (CDC1l, at 50 MHMz): d in PPM: 157.00:

Co; 156.22: CO; 138.17: C,.; 138.14: C_; 129.08: C_;
5 128.7%: C.; 128.61: C_; 128.52: C,i 128.12: Cp; 70.93: c.;

70.70: CHz, Bzl; 67.72: Cl; 44.37: C3,; 41.86: C2; 35.14

Cz; 34.08: C4.

EXAMPLE 22

la-Benzyloxy-3a-carbethoxy-cyclobutane 29 ¢is and l1z2-
10 benzyloxy-3B8-carbethoxy-cyclcbutzne 29 trans:

The 1:1 mixture of the acid chlorides 28 cis and 28
trans (31.13 g, 132.8 mnmoles) was twice evaporated in the
presence of carbcn tetrachloride (30 ml) and toluene (SO
ml). Ethanol (100 nl) was slcwly added at 0° ¢ under

15 argon to the solution of 28 cis and 28 trans in carbon
tetrachloride (50 ml). The reaction mixture was stirred
for 5 hours at room temperature (TLC contrcl: tertio-
'butylmethylether/hexane = 2/8) and evaporated to dryness.
The isomeric ethyl esters were separated by flash chronma-

20 tography (eluent: tertiobutylmethylether/hexane = 2/8 to
8/2). The fracticn containing both isomers was chromato-
graphed a seccnd time with the same solvert tTo give
fraction 1: Rf = 0.23, compound 29 trans, 12.02 g, 38.4
% and fraction 2: Rf = 0.22, compound 29 cis, 11.94 g,

25 38.2 % starting from the mixture of monoacids 27 cis and

ol

27 trans.
la-Eenzyloxy-3i3-carbethoxy-cyclobutane 29 trans:
Fraction 1, MW = 234.296; IR (film): 2586, 2945,
1731, 1604, 14S6, 1374, 1354; l'r-I (CDCl3 at 400 MHz): d in
30 PPM: 7.35 (s: Ph); 4.48 (s: CEz, Bzl); 4.32 (quint: Hl);
4.18 (q: CHz, Et), 3.08 (tt: H3); 2.55 (m: sz + qu); 2.35
(m: H,, + H.); .35 (t: CH,, Et); *C (CDCl, at 100 MHz):

d in PPM: 176.8: CO; 138.0: C, Ph: 1ze.2: Co Ph’ 127.6: C
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1
N
~1

Ph;«;27'5: Cp pn =3¢ 0
33.4: C, + Cgi 22.0: Ci; 14.1: CHy, ETr; “E (SDCI
MHz) NOE experiments: irradiation cn H,,: pcsitive NCE cn
H, and no effect on E; and Et; irradiation on K, : posi-
5 tive NOE on H:' Et and no effect on Hl.
Anal. calculated for C“I-Ilso3 + 0.05 E,0: C 71.44, H
7.76, 0 20.80; found: C 71.26, H 7.78, O 20.63.
la-Benzyloxy-3e-carbethoxy-cyclobutane 29 cis:
Fraction 2; MW = 234.296; I.R. (film): 2985, 2543,
10 2865, 1731, 1604, 1496, 1454; 1H (CDCl3 at 400 MHz): & in
PPM: 7.35 (s: Ph); 4.38 (s: CE,, Bzl); 4.08 (g: CH,, Et);
3J.86 (quint: Hl); 2.60 (= H3>; 2.40 (m: sz +H:b); 2.20
(m: H,_ + H,); 1.32 (t: CH,, Et); 3¢ (C2C1; at 100 MHz):
d in PPM: 174.38: CO; 138.02: C. Ph; 128.352: C° Ph’
15 127.67: Cm P’ 127.60: Cp Ph’ €2.82: Cl; 68.28: CHz, Bzl;

60.29: CHz, Et, 33.69: C2 + C4; 29.04: CS' 13.838: CHJ, Et;
4 (CDCl3 at 400 MHz) NOE experiments: irradiation on H,,:
positive NOE on H, and H,, irradiation on H,.: no effect

on H, and H; .
20 Anal. calculated for Ci¢HE18C3+ 0.12 E,0: C 71.17, H
7.77, 0 21.06; found: C 71.06, H 7.65, 0 20.93.

EXAMPLE 23
la-Benzyloxy-3a-carbethoxy-cyclobutane 29 cis and la-
benzyloxy-3B-carbethoxy-cyclcbutane 29 trans:
25 A solution of 4 (11.5€6 g, 37.76 mmoles), water (1.30

"f.

ml, 75.52 mmoles) and sodium chloride (2.21 g, 37.76
mmoles) in dimethylsulfcxide (lg‘ml) was heated at 210° C
for 48 hours (TLC control: tertiocbutylimethylether/hexane
= 2/8). Three spots were visible on TLC: spot 1: Rf =

n

30 0.28, 29 trans, spot 2: RI = 0.22, 29 cis, spot 3: Rf
0.18, diester 4. Brine (150 nrl) was added and the

solution extracted 7 times with diethylether (7 x 100 ml),

. BF 255980
SUBSTITUTE SHEET

L




WO 94/19023 PCT/US93/01579

- 51 -

which was driec over magnesium sulfate and evaporated tgo

dryriess. The mixture was separated by flash chromat=-
graphy (eluent: tsrtiobutylmethylether/hexzns = 2/ tz2
8/2). The fraction centaining beth iscmers was chrormate-

5 graphed a seccnd time with the same solvert <o cive
fractiocn 1: Rf = 0.28, compound 29 trans, 3.34 g, 37.9 %;

fraction 2: Rf = 0.22, compound 29 cis, 4.43 S, 50.1 %.

EXAMPLE 24
le-Benzyloxy=-3a-hydroxymethyl-cyclobutane 30 cis and
10 la-benzyloxy-sﬁ-hydroxymethyl—cyclobutane 30 trans:
Lithium aluminum hydride (1.3¢9 g, 36.36 mmoles) was
stirred under argen in dimethoxyethane (50 ml). The 1:2
mixture of the acids 27 cis and 27 trans (5.12 g, 24.21
mmoles) in dimethoxyethane (10 ml) was zdded dropwise
15 Qithout cooling. The suspension was mechanically stirred
at 85° C for 60 hours (TLC control: tertiobutylmethyl-
ether/hexane = 9/1, only 1 spof was visible). After
cooling, water (100 ml) was slowly added until the
suspension turnéd from gray to white. This suspension was
20 evaporated to dryness, a mixture cf tetrahydrofuran ard
ethyl acetate 9/1 (100 ml) was added and the suspension
filtered over Hyflo. The precipitate was washed 3 tines
with the same solvent mixture (3 x 50 ml) and the oktained
solution was evaporated to dryness. The 1:1 nixture of
25 the isomers was purified by flash chromatograghy (eluent:
tertiobutylmethylether/hexane = 1/1 to tertiobutyl--
methylether) to afford 30 cis and 30 trans: 4.€0 g, 98.8
$; MW = 1352.258; 1y (CDCls &t 200 MHz): d in PPM: 7.36 (s:

oty

Ph); 4.32 (s: CE,, Bzl); 4.30 (s: Ch,, 221); 4.15 (guint:

30 H;); 3.85 (quint: Hy); 3.60 (d: CH,OH); 2.33 (m: Hop =
13

Hep)i 2-08 (m: H,_ + H..); 1.%0 (a: H;); 3¢ (CDC1l, at 50

MHZz): d in PPM: 138.7¢9: Cr Ph: 138.74: Cr Ph: 122,93 Co Ph;
128.46: Cn Pa’ 123.41: Cp Ph; 128.138: CP Pb; 72.22: CI;
GP @5594,

SUBSTITUTE SHEET

S




WO 94/19023

10

15

20

30

PCT/US93/01579

- 52 -

65.85: C,; 70.37: CE,, Bzl; €7.36: CH,OH; €6.E3: CH,OH;
32.28 C2, 32.00: C.; 30.0:% C3, 28.82: C3

Anal. calculeted for Clel 0, : C 74.97, K 8§.3%, ©

672
16.64; found: C 75.00, H 6.40, O 15.6€°9.

EXAMPLE 25
le~-Benzyicxy-3e-hydrexymethyl-cyclckutane 30 cis:
Lithium aluminum hydéride (607 mg, 16.00 mmoles) was

stirred under argcn in dimethoxyethane (50 ml). The ester

29 cis (5.12 g, 21.90 mmoles) was added neat dropwise

without coolino. The suspensicn was mechanically stirred

at 85° C for 60 hours (TLC control: tertiobutylmechyl-

n

ether/hexane = 9/1). After ccoling, water (100 ml) wa
slowly added until the suspension turned from cgray tso
white. This suspension was evaporated to dryness, a
mixture of tetrahydrofuran and ethyl acetate 9/1 (100 ml)
was added and the oktazined suspension filtered over Hyvflo.
The precipitate was washed 3 times with the same solvent
mixture (3 x 50 ml) and the solution was evarorated to
dryness. The compound was purified by flash chromato-
graphy (eluent: terticbutylmethylether/hexane = 1/1 to
tertiobutylmethylether) to a2ffcrd 30 cis: 2.87 g, 1.9 %;
MW = 192.258; I.R. (film): 3398, 2974, 2991, 2833, 2861,
1951, 1878, 181z, 'y {CDCl, at 200 MHz): & in PPM: 7.23
(s: Ph); 4.30 (s: CH,, Bzl); 3.86 (quint: H;); 3.60 (a:
CH,0H); 2.33 (m: Hyy + Heppl)i 2.08 (n: Hy, + Hypad i 1.90 (m:
Hy) ; 13
128.93: C, o, 12B.42: Cp pyi 128.24:1 C_ .\ 69.85: Cyy
70.37: CHZ' Bzl; 66.85: CHZOH; 32.25: CZ; 32.00: Cd; 28.52:

c (CDCl3 at 50 MHz): d in PPM: 138.72: C, Ph:

C3.
Anal. calculated for C,.,H,,C,: C 74.97, K &8.38, O

16.64; found: C 75.00, H 8.40, O 16.6°.
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EIAMPLE 26
~.le-Benzyloxy-38-hydroxymethyl-cvclciutane 30 trans:

Analogous to the procedure for 30 cis, 29 trarns (5.0

g, 21.34 mmoles) afforded 30 trans: 3.70 ¢, 0.2 %; MW =
5 1£2.258; I.R. (film): 3415, 3031, 2570, 2934, 2863, 1854,
1877, 1812; H (CDCY, at 200 MHz): & in FPM (J: Hz}: 7.35
(s: Ph); 4.37 (s: CH,, Bzl); 4.12 (gquint: J: 6.5, Hy )
3.58 (d: J:7.0, CH,O0H); 2.35 (m: Ej)7 2.11 (=: Ey, + Eo)s
Yc (cpel, at S0 MHz): d in FPM: 138.78: C_ ... 125.%0: C,
10 .7 128.36: Cm,Ph; 128.12: CP pns 72.15: C;; 70.34: CH,,
Bzl; 67.05: CHZOH; 31.99: c, + C,i 285.96: Cs-
Anal. calculated for C,, Hi, 0, ¢ C 74.97, H 8.39,
O 16.64; found: C 75.00, H B.40, O 16.69.
EXAMPLE 27
15 la-Senzylcxy-3oc-tertiobutyldiphenylsilyloxymethyl-~

cyclobutane 31 cis:
Tertiobutyldiphenylchlorecsilane (16.3% ml, 63.00
mmoles) was added neat at 0° C under argon to a solution
of 30 cis (10.09 g, 52.49 mmoles) and imidazole (7.15 g,
20 105.0 mmoles) in dimethylformamide (250 ml). The reaction
mixture was stirred at room temperature for 20 hours (TLC
control: tertiortutylmethylether/hexane = 5/95). Two spots
were visible on TLC: spot 1: 31 cis and spot 2: tertio-
butyldipnenylsilylhydroxyde. Water (250 ml) was added and
25 the solution extracted 3 times with ethyl acetate (2 » 300

L

ml) ., The combined organic phases were washed with water
(150 ml) and brine (150 ml), dried over magnesiunm sulfate
and evaporated to dryness. Flash chrematography (eluent:
terticbutylmethylether/hexane = 1/99 to 5/95) afforded 31
30 cis (18.50 g, 81.2 %) as a colourless oil; MW = 430.665;
I.R. (film): 3070, 3049, 2931, 2892, 2857, 1955, 1890,
1824, 1722, 1589, 1:568; 1H (CDCl3 at 200 MHz): 2 in PPM
(J: Hz): 7.68 (m: &4 H_); 7.38 (m: 11 E__); 4.42 (s: CH,,

-
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Ezl); 3.85 (guirzT: J: €.0, E.); 3.57 (c: =: €.0, JH.CEL;
2.33 (q: Hy, = Hia) i 2.10 (m: Ej); 1.87 (c: = R L I

R
1.10 (s: CHy, tBu); *'c (CDCl, at 50 MHz): d in Eom

S
(9]

122.04: Cr Ph; 136.18: Cc PRSi‘ 134.5

S Prsi’ 128.89: C, ph’ 128.40: C. pp’ 123.17: C. Phsi’ 2
CP PhL’ 7C.19: CHz, Ezl; 69.87: Cl,' 67.94: CHEOSi,‘ 33.16:; C2
+ Ca; 28.53: CJ; 27.21: CHJ, t3u; 19.64: C, t3u; CU.v.
(methanol, 0.5 x 107° nole/1): 1 max in nm (e max): 259
(840); 265 (920).

10 Anal. calculated for Czsﬂz;ozSi: C 78.09, H 7.%6, s:
6.52, 0 7.43; found: ¢ 78.02, H 8.18, si 6.67.

EXAMPLE 28
lu-Benzyloxy-SB-tertiobutyldiphenyis;lylcxymethyl-
cyclobutane 321 trans:
15 Tertiobutyldiphenylchlorosilane (3.24 ml, 12.48
mmoles) was added neat at 0° C under argen to a solution
of 30 trans (2 g, 10.40 nmoles) and imidazole (1.42 g,
20.80 mmoles) in dimethylformamide (80 ml). The reaction
mixture was stirred at roem temperature feor 64 hours (TLC
20 control: tertiobutylmethylether/hexane = 5/55). Two spots
were visible on TLC: Spot 1: 31 trans and spot 2: tertic-
butyldiphenylsilylhydroxyde. Ethyl acetate (200 ml) and
water (50 ml) were added and the agueous phase extracted
twice with ethyl acetate (2 x 200 ml). The conmbined
25 organic phases were washed twice with brine (2 x 50 ml),

-4.’3}

dried over magnesium sulfate and evapcrated to dryness.
Flash chromatography (eluent: tertiobutylmethylether/hex—
ane = 1/99 to 5/95) afforded 32 trans (4.40 g, 95.2 3) as
a colourless oil; MW = 430.665; I.R. (film): 3071, 3050,
30 3032, 2932, 2892, 2857, 1958, 1é89, 1821, 1721, 1589; g
(CDCl, at 200 MHz): d in PPV (5: Hz): 7.68 (m: 4 Ho )i
7.50 => 7.30 (m: 11 H )., 4.38 (s: CH,, B21l); 4.17 (guint:
J: 6.0, Hj); 3.67 (d: J: 6.0, C}{;OSi),‘ 2.42 (m: HB); 2.15

Gp 055984
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(m: E, + H,); 1.05 (s: CHy, tBu); '*c (cdCl, at sC Mu:)
d in PPM: 138.50: C_ .. 136.18: C_ oo 133.04: C_ oo
130.13: Cp PasSi’ 128.90C: CD Py’ 128.3¢: Cz Ph/ 128.17: Cl=

PhSi’ 128.07: Cp Ph/ 72.08: Cl; 70.30: CHZ’ Bzl; 67.43:
CHzosi: 32.11: C2 + C47 30.0€: Cz,' 27.18: CHB' tBu,; 1¢.c&:
C, tBu; U.V. (methancl, 0.5 x 107" mole/l): 1 maxX in nm (e
max): 253 (800); 259 (S60); 264 (760); 270 (540).

Anal. calculated for C,gH..0,Si: C 78.09, E 7.96, <i

6.52, O 7.43; found: C 77.80, E 7.95, Si 6.48.

EXAMPLE 29
lg-Fydroxy-3a-tertiobutyldipherylsilylcxymethyl-
cyclobutane 32 cis:

_ Degussa palladium (500 mg) in dimethoxyethane (250
rl) was first placed under & hydrogen atmosphere. 31 cis
(10 g, 23.27 mmoles) was then added neat. The reaction
mixture was shaken vigecrously at room temperature under
a hydrocen pressure of 1 atmosrhere until 1 eguivalent of
hydrogen (209 ml) was absorbed (zpproximately € hours).
After filtration of the catalyst over Hvflo, the solution
was evapcrated to dryness to afford 32 cis as a célourless
syrup (7.80 g, 99.2 %); MW = 340.54; (tertiobutylmethyl-
ether/hexane = 2/8), Rf = 0.11; I.R. ({£ilm): 3342, 313§,
3071, 3050, 2%2%, 28¢3, 2856, 1959, 1888, 1824, 1776,
1741; 1y (CDCl, at 200 MHz): d in PPM (J: Ez): 7.70 (dd:
4 Har);
J: 7.0, Hy); 3.67 (&: J: 7.0, CH,0Si); 2.30 (=: ABX H,_ +
H,,)7; 2.20 (m: Hy); 1.25 (m: ABX E,, + H,); 1.10 (s: CHj,

0.5 x 107¢

7.40 (s: Cp pnsili 7-30 (éd: 4 H,); 4.27 (cuint:

tBu); U.V. (mezthancl, mole/l): 1 max in nm (e
max): 255 (600); 264 (640); 270 (440).
Anal. calculated for Czlﬁzeczsi: C 74.07, H 8.29, Si

8.25, 0 ©.39; found: C 74.29, H 6.12, Si 8.33.
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EXAMPLE 30
le-Hycdroxy-28-terticbutyldizhernyl

tn

ilylcxyrmethyl-
cyclobutane 32 trans:

Analogous tc the procedurg fcr 22 cis,21 trans (10

5 g, 23.27 mmoles) afforded 32 trans as a colourless SYrup

(7.5 g, 99.7 %); MW = 340.54; (tertiobutylmethyl-

ether/hexane = 2/8), Rf = 0.11; I.R. (film): 3070, 3050,

2960, 2520, 2850, 1960, 1890, 1820, 1770, 1740; H (cbcl,

at 200 MHz): & in PPM (J: Hz): 7.70 (dd: 4 Har)7 7.45 (s:

10 cp phsi) i 7-40 (dd: 4 H 4.47 (quint: J: 7.0, H,); 3.67

(d: J: 7.0, CHzosi); 2.44 (m: Hy); 2.25 (m: ABX H,, + H_ );

2.05 (m: ABX Hy,, + H,); 1.10 (s: CH,, tBu); *3c (cpci, at

50 MHz): d in FPM: 136.15: C_ ... 134.32: C_ L ..

67.31: szosi; 66.72: C

a:') i

130.18: Cp Pbsi;lzs.ls: Cm PhESi‘ 17
15 35.26: C2 + Cq; 29.36: C3; 27.15: CHJ, tBu; 19.58: C, tBu;
U.V. (methanol, 0.5 x 10”% mole/l): 1 max in nm (e max) :

259 (760); 264 (B00); 270 (560).
Anal. calculated for Czlﬂzaozsi: C 74.07, H 8.29, Si

8.25, O $.39; found: C 74.06, H 8.21, Si 7.9%9.

20 EXAMPLE 31

la=-p-Bromo=-benzenesulfonyloxy=-3a-tertiobutyldiphenyl-

silyloxymethyl-cyclobutane 33 cis:
p-Bromo-benzenesulfonylchleride {3.02 g, 11.82
mmoles) was added neat at room temperature under argon to
¥ 25 a soluticn of 32 cis (3.35 g, 9.85 mmoles) and triethyl-
amine (¢.60 ml, 68.96 mmoles) in dichloromethane (50 ml).
The reaction mixture was stirred at room temperature for
15 hours (TLC control: tertiobutylmethylether/hexane =
2/8: Rf = 0.40). Oon TLC no more &lcohol was visible.
30 Brine (50 ml) was added and the reaction mixture extracted
3 times with ethyl acetate (3 x 200 ml). The ccmbined
organic fractions were washed with brine (30 ml), dried

over sodium sulfate and evaporated to dryness. Flash

6P 055986
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chrematography (eluent: terticbulylmethylether/hexane =
5/95 to 1/9) affcrded 33 cis: 4.20 g, 6.2 %; MW =
559.5688; (tertiobutylmethylether/hexane = 2/8), R{ = 0.40C;

MP = 83.5 - 84.5° C after crystallization from dietchyl-

5 ether; I.R. (film): 3071, 29831, 28%3, Z8S57, 1576, 147::
' (CDCl, a2t 200 MHz): @ in PPM (J: Hz): 7.80 -> 7.€0 (n:

8 H,); 7.45 => 7.32 (m: 6 H__); 4.70 (quint: J: 7.0, H,);
3.52 (d: J: 7.0, CH,08i); 2.30 => 1.95 (m: H, = Hy + H,);
1.05 (s: CH,, tBu); '*c (cbcl, at 50 MHz): d in PPM:-

10 136.50: C_ p . i 136.10: C_ o0 134.06: C_ o 0. 133.08:
Cp mesi 130.241 Cp ppgpi 129.81: €, oy 126.20: C, o
128.22: Cn phSi’ 72.39: Cl; 65.85: cnzoSi; 32.82: C2 + C’:;
28.81: C3; 27.13: CHB' £3u; 18.55: C, tBu; U.V. (methancl,

0.5 x 107¢ mole/l): 1 max in nmo (e max): 221 (23400); 258
15 (1200); 283 (1300).
Anal. calculated for C,,H, BrO,Ssi: C 57.95, E 5.3¢,
Br 14.28, S S5.73, Si 5.02; found: C 57.73, H S5.62, Br
14.11, S 5.67, Si 4.85.

EXAMPLE 32
20 lo~p-3romo-benzenesulfonyloxy-3f8-tertiobutyldiphenyl-
silyloxymethyl-cyclobutane 33 trans:
p-Bromo-benzenesulfonylchloride (2.0 g, £.14 mmoles)
was added neat at room temperature under argon to a
soluticn of 32 trans (2.31 g, 6.78 mmoles) &nd triethyl-
25 amine (6.62 ml, 47.48 mmoles) in dichlcromethane (50 ml).

~4.’3,x

The reaction mixture was stirred at room temperature fcr
36 hours (TLC contrcl: tertiobutylmethylether/hexane =
2/8: Rf: 0.40). Another two portions of p-bromo-benzene-
sulfonylchloride (2 x 200 mg, z x 0.81 mmoles) were added.
30 On TLC no more alcohel was visible. Brine (30 ml) was
added and the reacticn mixture extracted 3 times with
ethyl acetate (3 x 200 ml). The combined organic

fractions were washes with Ekrine (50 ml), dried over

GP 255987
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sodium sulfzte and evapcrated =c cryness tTo affcrs 3z
trans: 2.04 g, 80.1 %; My: SZ9.5%98; (tertichkutyl;
ether/hexane: = 2/8), Rf = 0.40; MF = &0 - §1
crystallization fren diethylether; I.R. (film): 3070,

5. 2940, 2880, 2860, 1580, 1470; ’E (CDCl, 2t 200 MHz): & in
PPM (J: Hz): 7.80 ~> 7.60 (m: & Hﬁr); 7.45 => 7.32 (nm: €
Hog)i 4.98 (quint: J: 7.0, E)); 3.58 (d: 5: 7.0, CH.0S%);
2.30 (m: Hy + Hy + E,); 1.05 (s: CH,, tBu); ‘Ic (CoCl, at

50 MHz): d in PPM: 136.51: Ct Brs’ 136.13: C° prsi’ 134.C2:
10 Cr pasi’ 133.08: Co Brss 131.12: C° Brs’ 130.51: Cp PESi‘
125.20: CP Brs;128‘20: Co prsis /5.46: C,; 65.92: CHZOSi;

32.90: C2 + C4; 30.15: C3; 27.1¢: CHB, tBu; 19.56: C, tBu;
UG.V. (methanol, 0.5 x 10°° mole/l): 1 max in nm (e maxj:
220 (22060); 2233 (16500); 259 (1300); 259 (1300); z2€5
15 (1400).
Anal. calculated for C,4H3,Br0, ssi: ¢ s7.95, H s.s8,
Br 14.28, s 5.73, si £.02; found: C 57.96, E $5.6°, Br
14.00, S 5.61, Si 4.s8s5.

EXAMPLE 33
20 la-Adenyl(9)-Ba—terriobutyldiphenylsilylox;methyl-
cyclcbutane 34 cis and lc-adenyl(7) -3c-tertiobutyldipheny-
lsilyloxymethyl-cyclcbutane 35 cis:
A mixture of 33 trans (2.78 g, 4.96 mnmoles), adenine
(19.84 g, 26.82 mmoles) and ciazabicycloundecene (3.02

25 mnl, 2.96 mmoles) in dimethylsulfoxide (28 ml) were stirred

v‘.’-;:

under argon at 80° C for 1% hours (TLC control: tertio-
butylmethylether/methancl = £/2; detection: 1) chlerine
2) potassium icdide). Three Spots were visible on TLC:
spot 1: Rf = 0.95, unreacted 233 trans; spot 2: Rf = 0.83,
30 compound 34 cis; spot 2: Rf = 0.57, compound 25 cis.
Brine (200 ml) and water (€00 nl) were added and the
solution was extracted 7 times with ethyl acetate (4 x 75

ml). The combined organic fractions were washed with
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brine (30 ml), dried over sodiun Sulfate and curified bv
flash chromatography (terziobutylmethylether/methanol =
38/2 to 1/1) to afford fraction 1: cecnpound 33 trans, 725
mg, 26.0 %; fraction 2: compound 34 cis, 1.0s G, 6.8 %;

5 fraction 3: compound 35 cis, 190 mg, £.4 %.
la-Adenyl(9)-3c-tertiobutyldiphenylsilylcxyme:hyl-

cyclobutane 34 cis:

Fraction 2; MW = 457.65; MP = 181 - 182° C; I.R.
(KBr): 3324, 3160, 2929, 2853, 1662, 1601, 1571; 1y (CDCJ.3
10 at 200 MHz): d in PPM: 8.35 (s: H, ,); 7.88 (s: Hgaq)i 7.67
(m: 4 Har); 7.37 (m: € Hat); 5.%8 (s: NHz); 4.92 (guint:
H,); 3.22 (s: CH 0S1); 2.65 -> 2.35 (m: H, + H; + E.); 1.10
(s: CH,, tBu); 3¢ (CDC1; a2t 50 MHz): d in PPM: 156.11:
csad; 152.05: C 139.16: CBad; 126.16: C°
128 27: C

3
153.46: C,_,; cad’
pasii 134-07: Cpoppgyi 130.21: C) pygis m PhSi’
118.43: CSad; 65.85: cazosi; 45.12: Cl; 32.61 C2 + Cd;
30.82: Cys 27.21: CH3, tBu; 19.62: C, tBu; U.V. (water,
0.5 x 1079 mole/l): 1 max in nn (e max): 204 (34780); 258

(12920).
20 Anal. calculated for c26H31NSOSi: C 68.24, H 6.83, N

15.30, Si 6.14; ' found: ¢ 68.09, H 6.84, N 15.43, Si 6.18.

le-Adenyl (7)-Za-tertiobutyldiphenylsilyloxynethyl-~
cyclobutzne 35S cis:

Fraction 3, C26H31Nsosi, MW = 457.65, I.R. (KBr) :,

25 3071, 2931, 2857, 1922, 1895, 1870, 1844, 1800, 1773,

ks 1751, 1654, 1619, 1578; 'H (CDCl, at 200 MHz): 4 in PPM:
8.10 (s: Hzad)7 8§.02 (s: Haad); 7.65 (m: 4 Har); 7.37 (m:
6 H,,.); 5.12 (quint: Hy)i 3.71 (s: CH,081); 2.70 (m: Ho,

+ an)7 2.45 (m: sz + H3 + ch); 1.05 (s: CHB, tBu),; U.V.

30 (water, 0.5 x 107% mole/1): 1 max in nm (e max) : 214

(29800); 277 (1€280).
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EXAMPLE 34
le-Adenyl(9)-3i5-terticrutyiZiohenylsilyloxynethyl-

cyclobutane 34 trans and lc-adenyl(7)-55-:ertiob:tyldi-

phenylsilylcxymethyl-cyclobutane 25 trans:

5 A mixture of 23 cis (3.81 g, £.81 rmmoles), adenine
(3.68 g, 27.22 mmeles) and diazabicyclcundecene (4.05 rl,
4.14 mmoles) in dimethylsulfoxide (38 ml) were stirred
under argon at 80° C for 35 hours (TLC control: tertic-

butylmethylether/methanol = 8/2; detection: 1) chiorine
10 2) potassium iodide). Two spots were visible on TLC: Spot
l1: Rf = 0.95, vunreacted 33 cis; spot 2: Rf = c.8s8,

compound 34 trans; spot 3: Rf = 0.57, compounc 35 trans.
Brine (200 ml), water (800 rl) were added and the sclution
was extracted 7 times with ethyl acetate (4 x 75 ml). The
15 collected organic fractions were washed with krine (50
ml), dried over sodium sulfate and purified by £flash
chromatcgrapny (terticbutylmethylether/methanol = 98/2 to
1/1) to afford fraction 1: compound 33 cis, 1.29 g, 33.§
%; fraction 2: compound 34 trans, 1.46 g, 46.9 %; fraction

20 3: compound 35 trans, 401 mg, 12.9 %.
1a-Adenyl(9)—3E—tertiobutyldiphenylsilyloxymethyl-

cyclobutane 34 trans:

Fraction 2; MW = 457.65; MP = 125.5 - 130.5° C; I.R.
({KBr): 3138, z92%, 2357, 1660, 1631, 1645, 16350, 1600,
25 1574; 'H (CDCl, at 200 MHz): d in PPM: 8.35 (s: Haaa)i 7.90
- (S: Hguq)i 7.67 (m: 4 H,.); 7.37 (m: 6 H__); 6.78 (s: NH,) ;
i 5.10 (guint: Hl)} 3.77 (s: CHOSi); 2.60 -> 2.45 (m: H, +
Hy + Hy); 1.20 (s: cHy, tBu); '3c (CDCl, at S0 MHz): & in
PPM: 156.%¢: Céad; 152.34: CZad; 180.53: Caad; 135%.28 CB.d,‘
30 136.16: C° PRSi‘ 134.14: Cr PESi’ 130.30: CP PhSi 128 2S:
66.54: CHzOSi: 47.98: C 21.82: C

- “. . .
Cn PhSi’ 120.42: CSad’ 17 5
+ Cd; 31.48: C3,' 27.23: CH3, tBu; 19.60: C, tBu; U.V.
(water, 0.5 x 10”% nolesl): ! max in nnm {e max): 205

(40000); 258 (12940).
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. Anal. calculated for C, H,; N,OSi: C 65.23, H €.82, K
15.30, Si 6.14; found: C 68.45, H 7.07, N 14.¢5, Si 35.032,
le-Adenyl (7)-2f3-tertiobutyldiphenylsiiylcxymethyl-
cyclcbutane 35 trans:
5 Fraction 3, Cstsleosi, MW = 457.63; I.R. (K3r

)
3322, 2933, 2894, 2B57, 2244, 2218, 1658, 1618, 1549; e

w
(CDC1l, at 200 MHZz): d in PPM: B8.10 (s: Ho q)i 8.02 (s:
Hgoq)i 7.65 (m: 4 H, ); 7.37 (m: 6 H,_); 5.22 (quint: E,);
3.81 (s: cazosi); 2.87 (m: H,, + H, ), 2.60 (m: Hop + Ky +

10 Hg,); 1.05 (s: CH,, tBu); U.V. (water, 0.5 x 10™° mole/1):
l max in nm (e max): 214 (29800); 265 (9500).

EXAMPLE 25

la-Aderyl (9})-3a-hydroxymethyl~cyclotutane 36 cis:
A solution cf 34 cis (500 mgy, 1.09 mmole) and agueous
15 hydrofluoric acid - urea (3 ml, 9 mmoles) in tetrahydro-
furan (10 ml) was stirred for 15 hours at room temperature
(TLC control: ethyl acetate/methanecl = 2/8; Rf = 0.12).
The reaction rixture was neutralized with sodium bicar-
bonate and eveporated to dryness. Purification by flash
20 chromatography (ethyl! acetate/methanol = 9/1) afforded a
mixture of 36 cis and sodium fluoride. Flasnh chromato-
grarhy on hydrophobic silica gel first with water gave
sodium fluoride and then with methanol gave 36 cis: 60 mg
as a glassy solic; y (CD,0D at 200 MHZz): & in PPM: 8.22
T 25 (st K, 4)i 8.18 (s: Hg.4)i 4.95 {(quint: H)); 2.€2 (s:
CHJOH) ; 2.55 (m: Hy, + Hg, i 2.40 (m: Hyy + Hy + H,);%¢
(CDzoD at S0 M=z): d in PPM: 157.20: Céad; 183.62: Czad7
149.20: Cdad;
46.73: Cl; 35.57: Cz
30 x 107% mole/l): 1 max in nm (e max): 206 (16580); 262

141.22: Caag’ 111.60: CSad; €€.0%: CI-120H;
+ C,i 31.84: Cq; U.V. (ethanol, 0.5

(11160); C, H ,N,0.; MW = 219.246; FAB-MS: M + Na = 242;

M+ K" = 220; M - CH,OF = 1£5; Ad + H® = 136.
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EXAMPLE 36
la-Adenyl (9)-3i5-hydrcxymethyl-cyclokutane 26 trans:
Analogous to the procedure fcr 36 cis, 34 trans
mg, 1.09 mnole) afforded 36 trans, €0 n
S solid; 'H (CD,0D at 200 MHz): & in PPM: Haaii
8.16 (s: Eaad); £.15 (quint: H1)7 3.62 (s: CHEOH); 2.60 (m:

.25

X T .13
Hz. + Hca); 2.45 (m: th + Hy + Hdb), C (CD;0D at SC MHz):
d in PPM: 157.3 Cead; 13.90: CZad7 149.20: C4ad; 141.44
Csnd; 112.40: CSad; 66.21: CHon; 48.5: CJ; 35.75: C2 + C‘;

10 31.80: Cy; U.V. (ethanel, 0.5 x 1079 mole/1l): 1 max in nm
(e max): 206 (16250); 262 (11050); C,oH;3N-0.7 MW =
219.246; FAB-MS: M + Na = 242; M + H' = 220; M - CH.OH =

188; Ad + HY = 136.

EXAMPLE 37
15 Synthesis of Oligonucleotide Surrogates - Pheospho-
riester Method
1. Phosphorylation:
A typical activated phesphoryl compound was prepared
as follows: 1la-(N-Benzoyl-adenyl)-3a-hydroxymethyl-3f-
20 methoxytrityloxymethvl-cyclobutane 22 (0.25 mmole, 156.4
ﬁg) was co-evapcrated with pyricdine tc remove traces of
water and phosphorylated with 2-chlorophenyl-di-(i-
benzotriazolyl)-phosphate (1.00 ml, 0.25 M ) in TEF at
room temperature for 30 min (activated nucleotide) as per:

o

25 Van Boom, J.H., Van der Marel, G.A., Van Boeckel, C.A.A.,

Wille, G. and Hoyng, C. Chemicel! and Enzymatic Synthesis

of Gene Fragments, A Laboratory Manual, edited by H.G.

Gassen and Anne Lang, Verlag Chemie Weinhiem/Deerfield

Beach, Florida/Basel 1582. This intermediate, which can

30 be kept in solution fcr several hours, was further
processed in-situ.

In a li¥e manner the ccrresponding guanine, cytcsine,

uricdine and thynine conmpounds are prepared.
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.2. Assemblinc cZ the nuclectides on & sclid-rghase:

11.5 mg c¢f 2'(MeCTr-azZencsine(RBz) 3
methyl-polystyrene (1% DVB crosslinked) (functicnalifaticn
= 2.24 mmoles ), see Ito, H., Ike, Y., Ikutz, S. and
5 JItakura, K. (1982) Nucleic Acics Resesrch, 10:1733, was
subjected to the following washing (3 ml/min) and rezcticn
procedures: (dichloromethane-iscpropanel = €35:15 ) (3
min), MeOTr-cleavage: 1 M ZnBr,, 0.02 M 1,2,4-triazole in
dichloromethane-iscpropansl (85:15) (1.5-2 min), see Rink,
10 H., Liersch, M., Sieber, P. and Meyer, F. (1984) Nucleic
Acids Research, 12:6369, dichloromethane-isopropancl

(85:15) (3 min), 0.5 M triethylammonium-acetzte in DMF (3

min), acetonitrile (< 0.005 % water) (23 min), nitreccen
- flow 50° C (10 min).
15 ' Coupling: 64 ml activated carbanucleotide (16 mmol)

and 6.4 ml N-methylimidazole (80 mMol), 12-15 min, 50° C,
no flow, acetcnitrile (4 min).

This solid-phase process was repeated seven times.
Yield per coupling step: 80 - 87 %, i.e., 0.6 umol or 46

20 OD units calculated yield.

The oligomer was cleaved from the carrier and the
protecting groups removed Dby seguentially reacting the
resin with 1 M tetramethylguanidinium 2-nitrobernzald-
oximate in 200 ml 95% pyridine during 7 h at 60° C and 0.8

25 ml 33% agueous ammonia for 24 h at 60° C. The reaction

mixture was extracted 3 times with diethylether (2 ml

o,

each) and the agueous phase was applied to a 2Biogel P4
(50-100 mesh) column (3 x 26 cm) and the product eluted
with water. Frac-ions were checked for correc:t size of
30 the oligomer and homogeneity with pelyacrylemicde- or
capillary-electrophoresis. No further purificaticn was
usually needed, hcwever in view of the coupling yields
with 22, additional fractionaticn was performed on a Mcno

Q HR5/5 anion-exchanger. The zrplied gradient was: A =

: GF 055992
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10 m¥M NaoOE, 0.05 M KaCl; B = 10 mM NelH, 2 M NeCl; C% E
-> 40% B linear in 45 min. FTractions hcmogeneous in
electrophoresis were checked with electrospray icnization
mass spectrecmetry for the presence ci the expected

5 oligomer arnd were apprcpriately pocled and desalted on a

ren

Biogel P4 column. 10 ODs (optical wunits 239 rz) o
octamer 24 and 7 ODs of the heptamer were isolateZ.

EXAMPLE 38
Synthesis cf Oligonucleotide Surrogates - Phosphor-
10 amidate Method

l. Phosphoramidation:

A typical activated phosphoramidate is prepareﬁ as
follows: lc-(N-3enzoyladenyl)-38-hydroxvmethyl-3a-methoxy-
trityloxymethyl-cyclobutane 23 (1.85 mmol) is dissolved

15 in anhydrous dichloromethane (13 ml) under an argon atmo-
sphere, diisopropylethylamime (0.82 =l, 4.66 mmol) is
added, and the reaction mixture cooled to ice temperature.
Chloro(diisorropylamino)-f-cyanoethoxyphosphine (0.88 ml,
4.03 mmol) 1is added tc the reaction mixture and the

20 reaction mixture is then allowed to warm to 20°C and
stirred for 3 hours. Ethylacetate (80 ml) and triethyl-
amine (1 ml) are eadded and the solution 1s washed with
brine solutien three times (3 x 25 nl). The organic phase
is separated and dried over magnesiun sulfate. After

25 filtration of the sclids the solvent is evaporated in

T vacuo at 20° C to an oil that is then purified by cclumn
chromatography using silica and a solvent such as hexane-
ethyl acetate-triethylamine (50:49:1) as eluent. The
fractions are then evaporated in vacuo and the residue

30 further evaporated with anhydrous pryidine (20 ml) in
vacuo (1 torr) at 26° C in the presence of sodium
hydrcxide fcr 24 hr. This will yield 1la-(N-EBenzoyl-
adenyl)-38-(R-cyanoethyldiiscopropvlphospherzityl)oxy-

methyl-2ae-methoxytritvloxymethyl-cyclcbutane.
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"In a iika mannar the corresponding guanine, cyvicsine,
uridine and thymine compounds are prepareé.

2. Assenbly cf Oligonuclectide Surrocetes Usinc
Standard Phosproramidate Oligonucleozide Surrcgate
Synthesis

Phosphoramidate oligonuclectide surrcgates synthesis
are performed on an Applied Biosystems 350 B or 254 DNA
synthesizer following standard phosphoranidate protocols
and cycles. The oligonucleotide subunits are as described
above and all other reagents are as supplied by the manu-
facture. 1In those steps wherein phophoramidites subunits
of the oligcnucleoctide surrogates of the invention are
used, a longer ccupling time (10-153 min) is emgloyed.
The oligonucleotide surrogates are normaily synthesized
iﬁ either a 10 umol scale or a 3 x 1 umol scale in the
"Trityl-on" mode. Standard deprctection conditions (30%
NH,OH, £5°C, 16 hr) are employed. HEPLC is performed on a
Waters 600E instrunment equipped with a model 991 detector.
For analytical chromatography, the following reverse phase
HPLC conditions are employed: Hamilton PEP-1 column (15
X 2.5 cm); solvent A: SO0mm TEERA, pH 7.0; solvent B: 45mm
TEAA with 80% CH,CN; flow rate: 1.5ml/min; gradient: 5% B
for the first 5 minutes, linear (1%) increase in B every
minute thereafter. For preparative purposes, the follow-
ing reverse phase HPLC conditions are employed: Waters
Delta Pak Waters Delta-Pak C, 15 um, 300A, 25x100 mn
column equipped with 2 guard colunmn of the same material;
column flow rate: 5ml/min; gradient: S% B for the first
10 wminutes, linear 1% increase for every minute there-
after. Following HPLC purification, the oligenucleotide
surrogates are detritylated and further purified by size

exclusion using a Sephadex G-25 cclumn.
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T3, Assembly of Fhosphorcthioate Cligonuc
Surrogates Usinc Standard Phosphoramidate Oligonuclestise
Surrcgate Synthesis

In a manner as per Example 38-2, the oligonuclectide
5 surrcgate is treated with the Beaucage reagent, i.e. 2H-
1,2-benzodithiocate-2-one 1,1-~dioxide, see Radhakrishnan,
P.I., Egan, W., Regan, J.B. and Beaucage, S.L., (1920),
J. Am. Chem. Soc., 112:1253 for conversion of the phos-
phordiester linkages to phosphorothioate linkages.
10 EVALUATION
PROCEDURE 1 -~ Hybridization Analysis.
As with an oligonucleotide, the relative ability of
an oligonucleotide surrogate of the invention to bind e
complementary nucleic acids can be compared by deter-
15 ﬁining the melting temperature of a particular hybridiza-
tion complex. The melting temperature (Tg), @ charac-
teristic physical property of dcocuble-stranded RNA or DN,
denctes the temperature in degrees centigrade at which 50%
helical versus coil (unhybridized) forms are present. Ta
20 1is measured by using the UV spectrum to determine the
formation and breakdown (melting) of hybridization. Base
stacking, which occurs during hybridization, is accom-
Fanied by a reduction in UV absorgticn (hypochrcmicity).
Consequently a reduction in UV absorpticon indicates a
25 higher T,- The higher the T,, the greater the strength of
the binding of the strands. Non-Watson-Crick base pairing
has a strong cestabilizing effect on the Ty Conse-
quently, absolute fidelity of base pairing is necessary
to have optimal binding of an antisense cligonucléotide
30 to its targeted RNA or DNA.
A. Evaluation of the thermodynamics of hybridization
of cligonucleotide surrogates.
The ability of the cligonucleotide surrogates of the

inventicn to hybridize to their complementary RNA or DNa
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sequences was deternined by thermal melting znalysis. The
RNA complements used were poly-rA and poly-rU. The DN2
complements used were poly-dA and (cT) g Add:iticrally
oligonucleotide surrogates of the invention were hybrid-
5 1ized against one another and the T,s deterxined. The
oligonucleotide surrogates were added to either the ENA
or DNA complement at stoichiometric concentrztions and the
absorbance (260 nm) hyperchromicity upon duplex to ranzom
coil transition was monitored using a Gilford Response II
10 spectrophotometer. Such measurements are performed in a
buffer cf 10 mM Na-phosphate, pH 7.4, 0.1 mM EDTA, and 1M
NaCl. The data was analyzed by a craphic representation
of 1/T, vs 1n(Ct]), where [Ct] is the total oliconucleotide
concentration.
1g : The results of the thermodynamic analysis is shown
in Tables 1 and 2. 1In both tables both measured T, S and
the percent hyperchromicity are shown. Table 1 shows
results against other "normal" nucleic acid strands (that
is ribofuranosyl or deoxy—ribofuranosyl based nucleic acid
20 strands) and Table 2 shows results against complementary
cyclobutane strands - that is acainst one another.

For these tables pseudo BA refers tec an 8 mer
oligonucleotide surrogate of the invention fcormed fronm
eight cyclobutane units wherein the adenine base is cis

25 to the methoxytrityloxymethyl moiety, i.e. compound 22,
= l-a(N-benzoyl-adenyl)-3a-hydroxymethyl-33-methoxytrity-
loxymethyl-cyclobutane. Pseudo cA refers to the corres-
ponding 8 mer having the respective substituents of the
cyclobutane ring trans to each other. In a like manner

30 pseudo BT and pseudo aT reference the corresponding & mer

cis and trans thymine base oligonucleotide surrogates.
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% Hyperchrozicity of

{% Hyperchromicity)

Oligomer

pseudo BA

pseudo oA

pseudo AT

pseudo aT

Melting Temperature, T,r and

The Hybridization Complex Of The Oligomucleotide

Complementary Strand

poly-r2 poly-d2 poly-rU (dT) 4

11° 27°

(23%) (24%)
10°
(10%)
TAELE 2

Surrogates With One Another

'I‘n and

P
m o
-]

\D
]

28°
(25%)
22°
(27%)
20°
(28%)

o\e
~

[ ¥
o\®
—

% Hyperchromicity of

(¥ Hyperchrcmicity)

Complementary Strand

Oligomer pseudo 8T pseudo aT
pseudo BA 20°
(28%)
pseudo aA lg- 12°
(28%) (16%)
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adult human serun. Labeled oliccnuclectide Surr-ocztes are
incubated for various times, treated with protess

e n
then analyzed Lty gel electrophcresis cn 20% pcivacryl-

4]

amine-urea denaturing gels and subseguent aute

5 Autoradiograms are gquantitated by laser cden

Based upon the location of the modified linkage ani the

known length of the oligonucleotide surrcgate s

possible to determine the effect on nuclease degradaticon

by the particular medification. For <the cyteplasmic

10 nucleases, an HL 60 cell line can be used. & pe

chondrial supernatant is prepared by differentizl centri-

fugation and the labelled oliconucleotide surrccztes are

incubated in this supernatant for various times.

Following the incubaticn, the cligonucleotide surrogates

15 are assessed for degradation as outlined above far serunm

nucleolytic degradation. Autoradiography results are

quantitated for comparison of the unmodified and . the

oligonucleotide surrocates of the invention. It is

expected that the of oligonuclectide surrogates will be

20 completely resistant to serum and cytoplasmic nucleases.

B, Evaluation of the resistance of oligonucleotide
surrogates to specific endo- and exo-nucleases.

Evaluation of the resistance of natural oliconucleo-

tides and cligonucleotide surrogates of the invention to

25 specific nucleases (ie, endonucleases, 3’,5’-exo-, and

5’,3’-exonucleases) can be done to determine the exact

effect cf the modified 1linkage c¢n degradation. The

l“f.:,

oligonucleotide surrogates are incubated in defined
reaction buffers specific fer various selected nucleases.
30 TFollowing treatment of the products with protease K, urea
is added and @analysis on 20% polyacrylamide gels
containing urea is done. Gel products are visualized by
staining with Stains All reagent (Sigma Chemical Co.).
Laser densitometry is used to guantitate the extent of

35 degradation. The effects cf the modified linkage are

GFP @Stoee

SUBSTITUTE SHEET




WO 94/19023 PCT/US93/01579

- 71 -

determined for scecific nucleases and cormpared with tre
results obtained from the serum and cytcplasmic systens.
As with the serum and cytoplasmic nucleases, it is
expected that the oligonucleotide surrogates cf +he
5 invention will be ccmpletely resistant to endo- and exo-

nuclezses.

PROCEDURE 3 - S-Lipoxygenase Analysis, Therapeutics and
Assays
a. Therapeutics

10 For therapeutic use, an animal suspected of having
a2 disease characterized by excessive or abnormal supply
of ES-lipoxygenase is treated by administering oligo-
nucleotide surrogates c¢f <the invention. Persons of
ordinary skill can easily determine optimum dosages,
15 dosing methodologies and repetition rates. Such treatment
is generally continued until either a cure is effected or
a diminution in the diseased state is achieved. Long term

treatment is likely fcr some diseases.

B. Research Reagents

20 The oligonucleotide surrogates of this invention will
also be useful as research reagents when used to cleave
cr otherwise modulate 5~lipoxygenase mRNA in crude cell
lysates or in partially purified or wholly purified RNA
Freparations. This application of the invention is
T 25 accomplished, for example, by lysing cells by standard
methods, optimally extracting the RNA and then treating
it with a composition at concentrations ranging, for
instance, from about 100 to about 500 ng per 10 Mg of
total PNA in a kuffer consisting, for example, of 50 mm
30 phosphate, pH ranginc from about 4-10 at a temperature
rom about 30° to abcut S0° C. The cleaved 5-lipoxygenase
RNA can be analyzed by agarose gel electrophoresis and
hybridization with radiolabeled DNA probes or by other

standard methods.
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C. . Diagnostics

this inverntion will

o}
rh

The oliconucleotide surrogztes
also ke useful in diagnostic appliications, particularly
for the determination of the expression of specific mRNA

5 species in various tissues or the expression cf abncrmal
or mutant RNA species. In this example, the
oligonuclectide surrogates target a hypothetical abnormal
DRNA by being designed complementary to the abnormal
sequence, but would not hybridize to normal mRNA. -

10 Tissue samples can be homogenizecd, and RNA extracted
by standard methods. The crude homogenate or extract can
be treated for example to effect cleavage of the target
RNA. The product can then be hybridized to a solid
support which contains & bound oligonuclectide comple-

15 mentary to a2 region on the 5’ side of the cleavage site.
Both the normal and abnormal 5’ region of the mRNA would
bind to the solid support. The 3’ regicn of the abnormal
RNA, which is cleaved, would not be bound to the suppcr:
and therefore would be separated from the normal mRNA.

20 Targeted mRNA species for modulaticn relates to 5-
lipoxygenase; however, persons of ordinary skill in the
art will appreciate that the present invention is not =o
limited and it is generally acplicable. The inhibition
or modulation of production of the enzyme 5-lipoxygenase

25 1is expected to have significant therapeutic benefits in

s the treatment of disease. In order tc assess the effec-
tiveness of the compositions, an assay c¢r series of assays
is required.

D. In Vitro Assays

30 The cellular assays for 5-lipoxygenase preferably use
the human promyelocytic leukemia cell line EL-60. These
cells can be induced to differentiate into either =a
monocyte-like cell or neutrophil-like cell by wvarious
known agents. Treatment of the cells with 1.3% dimethyl

35 sulfoxide, DMSC, is known to promote cifferentiation cf

GPF 056002

SUBSTITUTE SHEET

L




WO 94/19023 PCT/US93/01579

- 73 =

the cells into neutrcphils. It has now been fcund that
basal HL-60 cells do not synthesize detezzzkhle levels cf
S5-lipoxyvgenase prctein or secrete leukotrienes (a down-
stream product of 5-lipoxygenase). Differentiation of the
5 cells with DMSO causes an appearance of S-lipcxygenase
protein and leukotriene biosynthesis 48 hours afte-
addition cf C[MSO. Thus induction of 5-lipoxygenase
protein synthesis can be utilized as a test system fer
analysis of antisense oligonucleotides surrogates which
10 interfere with 5-lipoxygenase synthesis in these cells.

A second test system for antisense oligonucleotides
surrogates makes use of the fact that S-lipoxycenase is
a "suicide" enzyme in that it inactivates itself upon
reacting with substrate. Treatment of differentizted EL-
15 60 or other cells expressing 5 lipoxygenase, with 10 uM
A23187, a calcium ionophore, promotes translocation of S-
lipoxygenase from the cytosol to the mnmembrane with
subsequent activation of the enzyme. Following activation
and several rounds of catalysis, the enzyme becomes
20 catalytically inactive. Thus, treatment of the ceils with
calcium ionopheore inactivates endogenous S-lipoxygenase.
It takes the cells approximately 24 hours to recover from
A23187 treatment as measured by their ability to synthe-
size leukotriene B,. Oligonucleotide surrogates directed
.25 against S5-lipoxygenase can be tested for activity in two
< - HL-60 model systems using the following guantitative
assays. The assays are described from the most direct
measurement of inhibition of 5-lipoxvgenase protein
synthesis in intact cells to more downstream events such

30 as measurement of 5-lipoxygenase activity in intact cells. ~
The most direct effect which oligonucleotide surro-
gates can exert on intact cells and which can be easily
be gquantitated is specific inhibition of 5-lipoxygenase

A

rotein synthesis. “To perforam this technigue, cells can
P
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be labelled with ~°S-methionine (50 pCi/mlL) for 2 hours at
37° C to label newly synthesized protein. Cells are
extracted to scolubilize total! cellular proteins and 5-
lipoxycenase is immunoprecipitated with 5-lipcxycenase
5 antibody followed by elution from protein A Seprarose
beads. The immunoprecipitated proteins are resolved by
SDS-polyacrylamide gel electrophoresis and exposed for
autoradiography. The amount of immunoprecipitated 5-
lipoxygenase is guantitated by scanning densitomezry.

10 A predicted result from these experiments would be
as follows. The amount of 5-lipoxygenase protein immuno-
precipitated from control cells would ke nermaliized to
100%. Treatment of the cells with 1 pM, 10 uM, and 30 uM
of effective oligonucleotide surrogates for 48 hours would

15 reduce immunoprecipitated S5-lipoxygenase by 5%, 25% and
75% of control, respectively.

Measurement of S5-lipoxygenase enzyme activity in
cellular homogenates could alsc be used to guantitate the
amount of enzyme present which is capable of synthesizing

20 leukotrienes. A radiometric assay has now been developed
for quantitating 5-lipoxygenase enzyme activity in cell
homogenates using reverse phase HPLC. Cells are broken
by sonication in a buffer containing protease inhikitors
and EDTA. The cell hcmogenate is centrifuged at 10,000

25 x g for 30 min and the supernatants analyzed for 5-

- lipoxygenase activity. Cytosclic proteins are incubated
with 10 uM
calcium, 100 pg/ml phosphatidylcholine, and S0 mM bis-

Me_arachidonic zcléd, 2mM RATP, S0 uM free

Tris buffer, pH 7.0, for 5 min at 27° C. The reacticns
30 are guenched by the additicn of an ecual volume of acetone
and the fatty acids extracted with ethyl acetate. The
substrate and rezction products are separated by reverse
phase HPLC on a Novapak C18 column (Waters Inc., Millford,
MA). Radioactive peaks are detected bv a Beckman model
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171%radiochromatography detectecr. The amcunt cf acachi-
donic acid converted into di-HETE’s and mone-:=ITE’s is
used as a measure of S-lipoxygenase astivity.

A predicted result for ctreatment of DMSO ciffer-

5 entiated HL-60 cells for 72 hours with effective oligo-
nucleotide surrogates at 1 gM, 10 uM, and 30 M would ke
as follows. Control cells oxidize 200 pmol arachidenic
acid/ S5 min/ 10% cells. cells ctreated with 1 uM, 10 pM,
and 30 uM of an effective oligonucleotide surrogates would

10 oxidize 185 pmol, 140 pmol, and 60 pmol of arachidonic
acid/ 5 min/ 10% cells respectively.

A gquantitative competitive enzyme linked immunc-
sorbant assay EiISA) fer the measuremert of total =-
lipoxygenase protein in cells has been developed. Human

15 5-lipoxygenase expressed in ZI. coli and purified by
extraction, Q-Sepharose, hydroxyapatite, and reverse phase
HPLC is used as a standard and as the primary antigen to
coat microtiter plates. 25 ng of purified S5-lipcxygenase
is bound to the microtiter plates overnight at 4° C. The

20 wells are blocked for 90 min with 5% goat serun diluted
in 20 mM TriseHCL buffer, pH 7.4, in the presence of 150
mM NaCl (TBS). Cell extracts (0.2% Triten X-100, 12,000
X g for 30 min.) cr purified S5-lipoxygenase were incubated
with a 1:4000 dilution of 3-lipoxygenase gpolyclonal

25 antibody in a total volume of 100 ul in the microtiter

T wells for 90 min. The antibodies are prepared by immuni-
zing rabbits with purified human recombinant S-lipoxv-
genase. The wells are washed with TES containing 0.05%
tween 20 (TEST), then incubated with 100 ul of a 1:1000

30 dilution of peroxidase conjugated goat anti-rabbit IgG
{Cappel Laborateries, Malvern, Fi) for 60 min at 25° C.
The wells are washed with TEST and the amount cf per-
oxidase labelled second antibody determined by develcpmen:

with tetramethylbenzidine.
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Precdicted results frcm such an assay using a 20 mer

oligonucleotice analog at 1 uM, 10 gM, and 30 gM would be

30 ng, 18 ng and 5 ng of 5-lipoxvgenase cer 1c® cells,

respectively with untreated cells containing about 34 ng
S5-lipoxygenase.

2 net effect of inhikition of 5-lipoxycenase biosyn-

wn

thesis is a diminution in the quantities ef leukctrienes
released from stimulated cells. DMSO-differentizted HlL-
60 cells release leukotriene B4 upon stimulation with the

10 calcium ionophore A23187. Leukotriene B4 released into
the cell medium can be guantitated by radicimmuncassay
using commercially availakle diagnostic kits (New Englang
Nuclear, Bostcon, Ma). Leuvkotriene B4 prcduction can be
detected in EL-60 cells 4& hours following addition of

15 DMSO to differentiate the cells intc a neutrophil-like
cell. Cells (2 x 10° cells/mL) will be treated with
increasing concentrations of oligonucleotide surrogates
for 48-72 hours in the presence of 1.3 % DMSO. The cells
are washed and resuspended at a concentration of 2 x 10°

20 cell/mL in Dulbecco’s phosphate buffered szline centaining
1% delipidated bovine serum albumin. Cells are stimulated
with 10 uM calcium ionopﬁore 423187 for 15 min and the
quantity of LTB4 produced from 5 x 10° cell determined by
radioimmunoassay as described by the manufacturer.

25 Using this assay the following results would likely
be obtained with a 15-mer oligonucleotide surrogate of the
segquence (GCAAGGTCACTGAAG) directed to the 5-LO mRN2A.
Celis will be treated for 72 hours with either 1 uM, 19

ol

pM or 30 uM oligonucleotide surrcgate in the presence of
30 1.3% DMSO. The cuantity of LTB, produced from 5 x 10°
cells would be expected toc be about 75 pg, 50 pg, and 35

pg, respectively with untreated differentiated calls

producing 75 pg LT3,.
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E. In Vivo Assay
Inhikition of the producticn of 5-lipcxygerase in the
mouse can be demonstrated in acccrdance with the follcowing
protocol. Topical application of arachidonic acid results
5 in the rapid production of leukotriene B;, leukctriene C,
and prostaglandin E, in the skin foliowed by edema and
cellular infiltration. Certain inhibitors of 5-licoxy-
genase have been known to exhibit activity in this assay.
For the assazy, 2 mg of arachidonic acid is applied to a
10 mouse ear with the contralaterzl ear serving as a control.
The polymorphonuclear cell infiltrate is assayez by
myelopercoxidase activity in homogenates taken from a
biopsy 1 hour following the administration of arachidoric
acid. The edematous response is guantitated by measure-
15 ment of ear thickness and wet weight of a punch biopsy.
Measurement of leukotriene B, produced in biopsy specimens
is performed as a direct measurement of 5-lipoxygenase
activity in the tissue. Oligonucleotide surrogates will
be applied topically to both ears 12 to 24 hours prior to
20 administration of arachidonic acid to allow optimal
activity of the compounds. Both ears are pretreated for
24 hours with either 0.1 umol, 0.3 umel, or 1.0 gmol of
the cligonuclectide analog prior to challenge with
arachidonic acid. Values are expressed as the mean for
25 three animals per concentration. Inhikition of poly-
- morphonuclear cell infiltration for 0.1 umol, 0.3 umol,
and 1 umol is expected to be about 10 %, 75 % a2nd S2 % of
contrcl activity, respectively. Irhitition of edema is
expected to be about 3 %, 58% and 90%, respectively while
30 inhikition of leukotriene B, production would be expected

to be about 15 %, 79% and 99%, respectively.
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PROCEDURE 4 - ANTIVIRAL ACTIVITY
Certain of the heterccyclic tase substituted cycle-
butane compound of the inventicn were tested as te their
antiviral activity. Both l-adenyl-3,3-bis-hydrexymethyvl-
5 <cyclobutane and 1-thymindyl-3,3-bis-hydroxymethyl-cyc1o-
butane were tested against HSV-1 in human macreophages.
Both of these compounds were tested up to 600£g/ml without
toxicity. In these tests l-thymindyl-3,3-bis-hydroxy-
methyl-cyclobutane exhibited a MED., of 40 - 65 ug/ml and
10 1l-adenyl-3,3-bis-hydroxymethyl-cyclobutane exhibited =
MEDso of 200 ug/ml. Beth of these compounds showed no

activity in a cellular HIV assav.
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WE CLAIM:

1. An oligonucleotide surrogate cecmprising a
plurality of cyclobutyl moieties covalently jcined by
linking moieties, wherein each of said cyclcbutyl rmoieties
include an attached purine cr an attached pyrizidine

heterocyclic base.

2. An oligonucleotide surrogate of claim 1 wherein
said purine or pyrimidine heterocyclic base is a
naturally-occurring or synthetic purin-¢-yl, pyrimidin-
1-yl or pyrimidin-3-yl heterocyclic tase.

_ 3. An oligcnucleotide surrogate cf claim 2 wherein
said purine or pyrimidine heterocyclic base is adenine,
guanine, cytosine, thymidine, uracil, S-methylcytosine,

hypoxanthine or 2-aminocadenine.

4. An oligonucleotide surrogate of claim 1 wherein
said heterocyclic base is attached to each respective
cyclobutyl moiety at a C-1 position of said cyclobutyl

moiety.

5. An oligonucleotide surrogate of claim 4 wherein
each cf said linking moieties connects to two cof the

-‘f:;

cyclobutyl moieties at a C-2 position of the cvclebutyl

moieties.

6. An oligonucleotide surrcgate of claim 1 wherein
each of said linking moieties comprises a 4 atom or a 5
atom chain that joins two of the cyclobutyl moieties.

7. An oligonucleotide surrogate of claim 6 wherein
each of said linking moieties comprises a 5 atom chain

that joins two of the cyclobutyl noieties.
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. An oligonuclectide surrcgate ¢f claim 7 whereirn

each of =aild linking moieties is of the struc=zure:

CLymLtL,
where:
L1 and L3 are CHz; and
L, is phosphodiester, pheszhorothiocate,

phosphoramidate, phosphotriester, C,-C¢, alkyl phos-
phonate, phosphorodithicate, phospheonate, carbamate,
sulfonate, C;-C,-dialkylsilyl or formacetal.

9. An oligonucleotide surrogate of claim 7 wherein

each of said linking moieties is of the structure:

: Ly=L,-L;
where:
L, and L; are CH,; and
L, 1s phosphodiester or phosphorothiocate.

10. An coligonucleoctide surrogate of claim 6 wherein
each of said linking moieties comprises a 4 atom chain
that Jjoins two of the cyclobutyl moieties.

11. An oligonucleotide surrogate of claim 10 wherein
each of said linking moieties is of the structure:
L,~Lg-L,~L,
where:
(a) L, and L, are CH,; and
L
C=NR,, C=0, C=S, O, &, SO, SOI' NR3 or SiR‘RS;

iy

and L., incependently, are CR,R,, C=CRyR,,

or
(b) L, and L, are CHz; and
L5 and Ls' together, are CR1=CR2, C=C, part of

a C, aromatic ring, part of a C;-C, carbocyclic
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) ring or part cf a2 3, 4, I or % men-ered
heterocyclic ring; or
(e) L,-L,-L,-L., together, are CH=N-NH-CH, cr CH.-
O-N=CH;
where:

R, and R,, independently, are H, OH, SH, NH,, Cl'czo_
alkyl, Cl—c10 substituted alkyl, Cl'clo alkenyl, C.:-C10
aralkyl, C,~C, alkoxy, C,-C, thiocalkoxy, C,-C, 2alkylaminc,
C,-C;p aralkylamino, C,~C,;, substituted alkylamino, hetero-
cycloalkyl, heterocycloalkylanmino, aminoalkylaminc,
polyalkylamino, halo, formyl, keto, benzoxy, carboxamido,
thiocarboxamido, ester, thicester, carboxamidino, car-
bamyl, ureide, guanidino, an RNA cleaving group, =z group
for improving the pharmacokinetic properties of an oligo-~
nuclectide, or a group for improving the pharmacodynamic
properties cf an oligonucleotide;

Ry is H, OH, NH,, C;-C, alkyl, substituted lower
alkyl, alkoxy, lower alkenyl, aralkyl, alkylamino,
aralkylamino, substituted alkylamino, heterocycloalkyl,
heterocycloalkylamino, aminoalkylamino, polyalkylamino,
@ RNA cleaving group, a group sor improving the pharwmaco-
kinetic properties of an oligonucleotide and a group for
improving the pharmacodynamic properties of an oligcnuc-

leotide; and _
R, and Rg, independently, are C,;-C. alkyl or alkoxy.

12. An oligonucleotide surrocate compound of claim
10 wherein each of said linkino moieties is CH=N-NH-CH,,

CH2°NH—NH-CH2, CH2-O—NH-CH2 or CH,-O-N=CH.

13. An oligonucleotide surrogate of claim 5 further
including a substituent group attached to at least one of
the cyclobutyl meieties zt & C€-2 position cr a C-4

position of the cvclobutyl moieties.
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14. Anocligonucleotide surrogate cf ciaim 13 wharein
said substituent group is halogen, C,-C,o 2alkoxy,

allyloxy, C:-Cio alkyl or C,-C,p 2lkylamine.

is. An oligonucleotide surrogate cf claim 14
wherein said substituent group is positicned trans to saig

heterocyclic base.

16. an oligonucleotide surrogate cenprising:

a plurality of cyclobutyl moieties which individually
include a purine or a pyrizmidine heterocyclic base
attached to a C-1 position of each cyclobuzyl melety; and

a plurality of linking moieties which incluze a 4
atom or a 5 atom chain and which join two adjacent
cyclobutyl moieties at a C-3 position of the cyclobutyl

moieties.

17. A method for modulating the productzien or
activity of a protein in an organisnm, comprising
contacting the organism with an oligonucleotide surrogate
formed from a plurality of cyclobutyl moieties covalently
joined by 1linking moieties, wherein each of said
cyclobutyl moieties irncludes an attached purine cr an

attached pyrimidine heterocyclic base.

Vel

18. The methed of claim 17 wherein said purine or
pyrimidine heterocyclic base is a2 naturally-occurring or
synthetic purin-¢-yl, pyrimidin-i-yl or pyrimidin-3-yl

heterocyvclic base.
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18. The method of claim 17 wherein:

said heterocyclic base is attached tc each respective
cyclobutyl moiety at a C-1 positien of said cycleobutyl
moiety; and

each of said linking moieties connects to two of the
cyclobutyl moieties at a C-3 position of the cyclobutyl

molieties.

20. The method of claim 17 wherein each cf said
linking moieties comprises a 4 atom or a 5 atom chain that

joins two of the cyclobutyl moieties.

21. The method oligonucleotide of claim 20 wherein
each of said linking moieties is of the structure

L,-L,-1,
where:
L1 and L3 are CH,; and
L, is Phosphodiester, phosphorothioate,

phosphoramidate, phosphotriester, C,-C¢ alkyl phos-
phonate, phosphorodithioate, rhosphonate, carbamzte,
sulfonate, C,;-C.-dialkylsilyl or formacetal.

22. The methoed of claim 20 wherein each of said
linking moieties is of the structure:
L4—L5—L6-L7
where:
(a) L4 and L7 are CHZ; and
L; and L independently, are CRyR,, C=CR,R,,
C=NR3, ¢=0, C=5, 0, S, SO, SOZ' NR3 or SiR‘RS;
or
(b) L4 and L7 are CHz; and
L5 and L¢, together, are CR1=CR2, C=C, part of

a C, aromatic ring, part of a C,-C, carbocyclic
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ring or part cf a 3, 4, 5 cr 6 mexkteres
heterocyclic ring; or

(¢) L,-L.-L,-L,, tcgether, are CH=N-NH-CHE, cr CH,-

O~N=CH;
where:

R, and R,, independently, are H, OH, SH, NE._, C,-Cio
alkyl, C;-Cyp substituted alkyl, C,-C,o alkenyl, C,-Cyp
aralkyl, C,-Ce alkoxy, C,-C, thioalkoxy, C,-C, alkylamino,
C,-C,p aralkylamino, C,-C,, substituted alkylaminc, hetero-
cycloalkyl, heterocycloalkylamino, amincalkylanino,
polyalkylamino, hale, formyl, keto, benzoxy, carboxamido,
thiocarboxamido, ester, thioester, carboxamidino, car-
bamyl, ureido, guanidino, an RNA cleaving group, a group
for improving the pharmacokinetic properties of an oligo-
nucleotide, or a group for improving the pharmacodynamic
properties of an oligonucleotide;

R3 is H, OH, NH2,
alkyl, alkoxy, lower alkenyl, aralkyl, alkylamino,

CI-C6 alkyl, substituted lower

aralkylamino, substituted alkylamino, heterocycloalkyl,
heterocycloalkylamino, aminoalkylamino, polyvalkylamiro,
a RNA cleaving group, a group for improving the pharmaco-
kinetic properties of an oligonucleotide and a group for
improving the pharmacodynamic prcperties of an oligonuc-
leotide; and

R, and R,, independently, are C,-C, alkyl or alkoxy.

23. The methed of claim 20 wherein each of said
linking moieties is CH=N-NH-CH2, CHZ—NH-NH-Cﬂz, CHz-O-NH-
CH, or CH,-O-N=CH.

24. The method of claim 20 wherein:

said purine cr pyrinidine heterocyclic base is

adenine, guanine, cytosine, thymidine, uracil, S-methyl-

cytosine, hypexanthine cor 2-aminoadenine;
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said heterocyclic base is attached tc sach respective
cyclobutyl noiety at a C-1 position of said cycleburyl
moiety; and

each of said linking moieties connects to two cf the
cyclobutyl moieties at a C-3 position of the cyclobutyl

moieties.

25. A method of +treating an organism havirng =&
disease characterized by the undesired procduction of a
protein, comprising contacting the organism with an
ocligonucleotide surrogate formed from a plurality of
cyclobutyl moieties covalently joined by linking moleties,
each of said cyclcbutyl moieties includes an atwached

purine or an attached pyrimidine heterocyclic base.

26. The method of claim 25 wherein said purine or
pyrimidine heterocyclic base is a naturally-occurring or
synthetic purin-9-yl, pyrimidin-1-yl or pyrimidin-3-yl

heterocyclic base.

27. The method of claim 25 wherein:
said heterocyclic base is attached to each respective
cyclobutyl moiety at a C-1 positicn of said cyclobutyl
moiety; and
each of said linking moieties connects to two of the
b cyclobutyl mcieties at a C-3 position of the cyclobutyl

moieties.

28. The method of claim 25 wherein each of said
linking moieties comprises a 4 atom or a 5 atom chain that
joins two of the cyclobutyl moieties. g

28. The method oligonucleotide of claim 28 wherein

each of said linking moieties is of the structure
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. Lj=Ly-L,
where:
L, and L, are CH,. and
L, is phosphodiester, phosphorcthioaxe,
phosphoramidate, phosphotriester, €,-C; =alkyl chos-
phonate, phosphorodithioate, phoschonate, carkamate,
sulfonate, C,-C,~dialkylsilyl or formacetal.
30. The method of claim 28 wherein each of saigd
linking moieties is of the structure:
L,-L,-L,-L,
where:
(a) L, and L, are CH,; and
Lg and Ly, independently, are CR4R,, C=CR.R,,
C=NR3, c=0, C=S, O, &, 80, 502, NR3 or SiR‘Rs;
or
(b) L, and L, are CH,; and
Lg and L., together, are CR;=CR,, C=C, part of
a C, aromatic ring, part of a C,-C¢ carbocyclic
ring or part of a 3, -4, 5 or 6 menbered
heterocyclic ring; or
(c) La'Ls'Ls'L7' together, are CH=N—NH-CH2 or Cuz-
O-N=CH;
where:

R; and R,, independently, zre H, OH, SH, NH,, C,-Cyp
alkyl, C,-C,p substituted alkyl, C,-C,p 2alkenyl, C,-Cio
aralkyl, C,-C, alkoxy, C,-C, thioalkoxy, C,-C, 2lkylamino,
C,-C;p 2ralkylamino, C,-C,, substituted alkylamino, hetero-
cycloalkyl, heterccyclcalkylamine, aminoalkylamino,
polyalkylamino, halo, formyl, keto, benzoxy, carboxamido,
thiocarboxamido, ester, thiocester, carbcxanidino, car-
bamyl, ureido, guanidino, an RNA cleaving group, a group

for improving the pharmacokinetic properties of an oligo-
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nucleotide, or & group feor Inproving the pharmaczsdéynamic
properties of an oligeonucleotide;

R, is H, OH, NH,, C,-C,
alkyl, alkoxy, lower alkenyl, aralkyl, alkylanmino,

alkyl, substituted lower

aralkylamino, substituted alkylamino, heterocyvclcalkyl,
heterocyclecalkylamino, aminoalkylamino, peolvalkylamino,
a RNA cleaving group, a group for improving the pharrace-
kinetic properties of an oligonucleotide and a group fer
improving the pharmacodynamic properties of an oligonuc-
leotide; and

R, and R, independently, are C,-C, alkyl or alkexy.

31. The method of claim 28 wherein each cof said
"linking moieties is CH=N-NH-CH,, CHz-NH-NF,-CI—Z., CH_ -O-NH-
- - -

CH2 or CHZ-O-N=CH.

32. The method of claim 28 wherein:

said purine or pyrimidine heterocyclic base is
adenine, guanine, cytosine, thymidine, uracil, S5-methyl-
cytosine, hypoxanthine or 2-aminoadenine;

said heterocyclic base is attached to each respective
cyclcbutyl moiety at a C-1I position of said cyclobutyl
moliety; and

each of said linkihg moletles connects to two of the

cycleobutyl moieties at a C-3 position thereof.

32. A composition comprising:

a pharmaceutically effective amount of a ccmpound
formed from a plurality of cvclobutyl moieties covalently
joined by linking nmnoieties, wherein each of said
cyclobutyl moieties includes an attached purine or an
attached pyrimidine heterocyclic base; and

a pharmaceutically acceptable diluent or carrier.
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34. A method cf in vitro assaying a seguence-

specific nucleic acig, comprising contactinz a test
solution containing said nucleic acid with an
oligonucleotide surrogate compound formed from a plurality
of cyclobutyl moieties covalently joined by linking
moieties, wherein each of said cyclobutyl nrnoieties
includes an attached purine or an attached pyrimidine

heterocyclic base.

35. A process for the preparation of a cempound
formed from a plurality of cyclobutyl moieties covalently
joined by 1linking moieties, wherein each of said
cyclobutyl moieties includes an attached purine or an

‘attached pyrimidine heterocyclic base, said process

comprising the steps of:

functionalizing cyclobutyl moieties with a leaving
group;

displacing said leaving group on each of said cyclo-
butyl moieties with an independently selected purine or
pyrimidine heterocyclic base;

functionalizing each of said heterocyclic-base-
containing cyclobutyl moieties with a protecting group;

functionalizing said protected mcieties with an
activated linking group; and

stepwise deprotecting and 1linking said protected,

activated moieties.

36. The process ¢f claim 25 wherein said protected,
activated moieties are deprotected and linked on a pely-

meric support.

37. The process of claim 35 wherein said protected,
activated moieties are deprotected and linked by a process

which includes:
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INTERNATIONAL SEARCH REPORT Inic, sational appiication No.
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Box 1 Observations where certain claims were found unsearchabie (Continuation of item 1 of first sheet)

This international report has not been established in respect of certain claims under Asticle 17(2)(a) for the following reasons:

1. Claims Nos.:
bzrause they relate to subject matier not required to be searched by this Authority, namely:

Claims Nos.:
becausc they relate to parts of the interational application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carmied out, specifically:

n

3. D Claims Nos.:

bccauscmcymd:pmdmtclaumanducnotdnﬁcdmamoxdanocwnhthcswondmdumdscmmusofkulc64(n)

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This Internationa! Searching Authority found multiple inventions in this international application, as follows:
(Telephone Practice)
1. Claims 1-24, 33, 35-37, drawn to an oligonucicotidc surtogate or a composition thereof, methods to modulate an activity o
a protein in an organism, methods to make a surrogate compound, classified in Class 536, subclass 25.3, 24.5; Class 514
subclass 44.
11. Claims 25-32. drawn to methods of treating disease using an oligonucleotide surrogate, classified in Class 514, suhclass 44.
LII. Cleim 34, drawn to method to assay in vitro a sequence-specific nucleic acid, classified in Class 435, subclass 6.

Under PCT Rule 13.2(i), claims are permitted to one product, one process of manufacturing and one use. The claims in the
present application are drawn 10 morc than onc methods of use, namely, methods of modulating an activity of a protein in an
organism (claims [7-24 of Group 1), methods of treating disease (cisims 25-32 of Group II), and 2 method of in vitro assaying
sequence-specific nucleic acid (claim 34 of Group IHI).

1. As all required additional search fces were timely paid by the applicant, this international sear¢h report covers all scarchable
claims.

IS

D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fec.

3. D As only some of the required additional search fees were timely paid by the applicant, this mtcrnauonal search repornt covers
only those claims for which fees were paid, specifically claims Nos.:

' 4, D No required additional search fees were timely paid by the applicant. Consequently, this intemational scarch repont is
restricted W the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.
' @ No protest accompanicd the payment of additional scarch fees.
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